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PREFACE. 


In  pablishing  the  first  edition  of  ''Yacht  Architecture ''  in  1885  I  was 
able  to  state  that  the  knowledge  of  the  scientific  principle  on  which 
yacht  designing  is  based  had  been  considerably  extended  since  the 
publication  of  my  large  work  entitled  ''Yacht  Designing''  in  1876. 
This  can  also  be  said  of  the  period  between  1885  and  1897^  and  no 
doubt  the  present  generation  of  yachtsmen  and  those  interested  in 
yachts  have  a  much  more  exact  knowledge  of  the  science  of  Naval 
Architecture  than  their  predecessors  had^  owing  to  their  having  studied 
the  numerous  works  published  on  the  subject. 

It  cannot  be  claimed  that  any  great  discovery  has  been  made 
since  1887  which  has  thrown  new  light  on  the  science;  notwithstanding 
yacht  designing  and  constructing  have  undergone  great  development 
in  all  their  branches.  Nevertheless,  the  rescinding  of  the  old  tonnage 
rule  as  a  means  for  rating  yachts  in  competitive  sailing,  and,  as  a 
consequence,  the  removal  of  the  tax  upon  beam  has  had  a  great  effect 
upon  the  form  of  yachts,  and  enabled  designers  to  solve  the  problems 
set  them  with  greater  freedom. 

To  meet  the  progress  made  in  the  science  of  designing  and  construct- 
ing steam  and  sailing  yachts,  the  text  has  been  thoroughly  revised,  and 
in  many  instances  entirely  rewritten ;  whilst  a  number  of  new  plates  of 
the  lines  of  the  most  modem  yachts  take  the  place  of  those  published 
in  former  editions.  For  most  of  these  plates  I  am  indebted  to  the 
liberality  of  the  designers,  who,  I  am  proud  to  say,  recognise  what  an 
advantage  it  is  for  all  concerned  that  an  exact  knowledge  of  such  an 
interesting  science  as  that  of  yacht  designing  should  be  disseminated. 
Iq  particular  I  am  indebted  to  Mr.  6.  L.  Watson;  Mr.  William  Fife,  jun. ; 
Mr.  C.  P.  Clayton;  Mr.  A.  E.  Payne;  Mr.  J.  M.  Soper;  Mr.  C.  Sibbick; 
Mr.  Linton  Hope,  &c. 

Since  1876  much  additional  light  has  been  thrown  upon  many 
hitherto  obscure  points  in  the  laws  which  govern  resistance  by  the 
further  researches  of  the  late   Mr.   W.   Froude,   and  those   of  his  son 


iv  Preface. 

Mr.  B.  E.  Froude^  who  sncceeded  him  as  chief  of  the  Admiralty 
Experimental  Works.  To  both  of  these  gentlemen  I  am  largely  indebted 
for  the  liberal  manner  in  which  they  responded  to  my  requests  for  informa- 
tion upon  any  points  which  seemed  involved  in  obscurity ;  and^  by  the  aid 
of  their  researches^  the  effect  of  form  on  resistance  is  now  perhaps  as 
well  defined  in  these  pages  as  it  could  be  in  the  limited  space  at 
command.  Some  actual  results  of  experiments  made  by  the  late  Mr.  W. 
Froude  on  forms  for  gunboats  are  given;  not  because  anyone  will  be 
likely  to  build  such  vessels  for  pleasure,  but  for  the  reason  that  these 
particular  experiments  throw  light  upon  the  whole  nature  of  the 
resistance  of  bodies  moving  in  water. 

A  large  space  is  devoted  to  steam  yachtings  and  it  should  be 
mentioned  that  Chapter  XI.,  which'  deals  with  the  boiler  and  ei^ne,  was 
mainly  written  by  Mr.  G.  R.  Dunell,  whose  practical  knowledge  of  the 
subject  and  literary  ability  rendered  his  assistance  of  the  greatest  value. 
In  writing  Chapter  XII.,  on  Steam  Propulsion,  I  had  to  apply  to  many 
builders  and  engineers  for  particulars  as  to  trial  trips  and  performances, 
and  in  all  cases  I  met  with  a  ready  response,  and  as  much  is  said  about 
the  subject  as  the  owner  of  a  steam  yacht  is  likely  to  desire  to  know. 

The  system  of  designing  provided  is  practically  identical  with  that 
published  in  "  Yacht  Designing  '^  in  1876,  but  revised  and  extended  where 
necessary.  As  explained  in  that  work,  it  is  not  intended  to  be  arbitrarily 
followed,  and  was  prepared  as  a  guide  for  those  whose  experience  may 
be  too  limited  to  much  assist  their  judgment  in  making  a  design.  The 
system  has  been  tried  for  twenty  years,  and  has  been  found  to  answer  its 
purpose  well ;  and  this  much  can  be  said  for  it,  that  if  a  strikingly  good 
vessel  could  not  be  designed  by  rigidly  following  the  method,  a  very  bad 
one  would  not  be  the  result. 

Yacht  building  can  be  better  described  by  engravings  than  by 
writing,  and  the  plates  and  woodcuts  which  are  given  will  instruct  the 
amateur  in  all  the  details  of  construction  according  to  the  practice  of 
the  best  builders. 
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YACHT  ARCHITECTURE. 


CHAPTER   I. 
DISPLACEMENT  AND  BUOYANCY. 


The  displacement  of  a  vessel  is  the  qaantity  or  bulk  of  water  (generally 
represented  by  a  measure  or  weight)  which  a  vessel  displaces  or  pushes 
away  when  she  is  put  into  the  water.  This  quantity  of  water  is  always 
equal  to  the  whole  weight  of  the  vessel  and  everything  that  she  contains ; 
that  is  to  say^  the  vessel  will  sink  into  the  water  until  she  has  displaced  or 
pushed  away  a  quantity  of  the  fluid  equal  to  her  own  weight  and  the 
weight  of  everything  that  she  contains^  and  then  will  sink  no  further. 

If  the  weight  of  water  displaced  is  also  exactly  equal  in  bulk  to  the 
biUJc  of  the  vessel,  then  the  vessel  will  sink  in  the  fluid  until  her  entire  bulk 
is  immersed;  or,  in  other  words,  if  the  body  immersed  be  a  solid  of  the 
specific  gravity  of  the  water,  then  will  the  solid  sink  into  the  fluid  until  it 
is  entirely  inmiersed.  For  example,  a  cubic  foot  of  African  oak  weighs 
621b.,  a  cubic  foot  of  fresh  water  weighs  62ilb.,  and  consequently,  if  a 
cubic  foot  of  African  oak  were  placed  in  fresh  water,  it  would  nearly  sink 
to  the  level  of  the  surface ;  but  a  cubic  foot  of  sea  watei'  weighs  641b.,  and, 
consequently,  if  a  cubic  foot  of  African  oak  were  placed  into  sea  water,  it 
would  sink  until  621b.  of  the  fluid  were  displaced  (which  would  be  less  than 
a  cubic  foot),  and  would  sink  no  deeper,  so  practically  21b.  of  the  oak  cube 
would  remain  above  the  surface,  and  this  would  be  termed  surplus  buoyancy. 

This  well  illustrates  the  meaning  of  the  terms  "  displacement "  and 
"  surplus  buoyancy.^*  A  vessel  weighs,  we  will  say,  with  all  her  ballast, 
spars,  sails,  gear,  stores,  crew,  and  everything  belonging  to  her  on  board,  one 
ton ;  then^  if  she  is  put  into  the  water,  she  will  displace  exactly  one  ton  of  the 
fluid.  Now  a  ton  of  sea  water  in  bulk  contains  35  cubic  feet ;  consequently, 
if  the  bulk  of  the  vessel  only  equalled  35  cubic  feet,  she  would  sink  into  the 
water  until  entirely  immersed.  But  a  vessel  that  weighed  one  ton  would 
contain  in  bulk  a  great  deal  more  than  35  cubic  feet,  measuring  her  actual 
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body  on  the  outside  from  keel  to  deck  as  if  she  were  a  solid ;  that  is^  the 
whole  body  or  bulk  of  the  vessel  so  measured  would  probably  equal  60 
cubic  feet.  The  result  would  be  that  the  vessel  would  sink  into  the  water 
until  35  cubic  feet  of  the  hull  became  immersed,  and  sink  no  further ;  this 
would  leave  25  cubic  feet  above  the  water. 

The  buoyancy  of  a  vessel  may  be  taken  as  a  force  equal  to  the  weight 
of  water  it  displaces ;  or,  in  other  words,  any  given  weight  of  fluid  will 
support  a  similar  solid  weight  of  equal  bulk.  The  quantity,  or  bulk,  of  a 
fluid  which  a  vessel  will  displace  depends  on  the  density  of  that  fluid,  as 
previously  explained.  Thus  sea  water  is  denser,  or  more  buoyant,  than 
fresh  water :  and,  consequently,  a  cubic  foot  of  sea- water  will  support  a 
greater  weight  in  the  same  bulk  than  a  like  quantity  of  fresh  water. 
Mercury  is  a  fluid  so  dense  that  even  iron  will  float  in  it  with  only  a  little 
more  than  half  its  bulk  immersed,  for  the  reason  that  a  cubic  foot  of 
mercury  weighs  8491b.,  whereas  a  similar  bulk  of  iron  only  weighs  4801b. 

Thus  the  displacement  of  a  vessel  is  always  equal  to  her  own  weight, 
including  the  weight  of  everything  and  every  person  on  board;  and  providing 
that  the  bulk  or  size  of  the  body  of  water  displaced  is  smaller  than  the  bulk 
or  size  of  the  vessel  (regard  her  from  deck  to  keel),  then  a  portion  of  the 
vessel  will  always  be  above  the  surface  of  the  water,  and  this  portion  of  a 
vessel  is  called  her  freeboard,  and  spare  or  surplus  buoyancy. 

The  truth  of  the  foregoing  can  be  demonstrated  by  a  simple  experi- 
ment.    Take  a  large  basin,  such  as  A  (Fig.  1),  and  fill  it  carefully  to  the 


Fig.  1. 

brim  with  water,  and  stand  it  in  the  saucer,  C.  Then  take  a  smaller 
basin,  B,  and  put  it  into  the  water,  which  of  course  will  overflow  into  the 
saucer.  If  the  water  that  so  overflows  and  the  small  basin  be  afterwards 
put  into  a  scale  and  separately  weighed,  their  weight  will  be  found  to  be 
exactly  equal ;  and,  further,  if  shot  or  other  substance  be  put  into  the  small 
basin  B  whilst  it  is  floating,  still  more  water  will  overflow,  and  if  the  whole 


Displacement 


of  the  water  which  so  overflows  be  weighed^  and  the  small  basin  and  its 
contents  be  weighed,  their  respective  weights  will  be  proved  equal. 

This  experiment  can  be  utilised  to  arrive  at  the  displacement  of  the 
ship  from  that  of  the  model.  Thus,  say  a  model  of  the  Kriemhilda^  is  made 
to  half  an  inch  scale  (or  one  twenty-fourth  of  her  real  dimensions),  and  put 
into  a  trough  filled  with  salt  water  to  the  aperture  of  a  waste  pipe;  then  as 
the  model  became  immersed,  the  water  would  escape  by  the  waste  pipe  into 
some  vessel,  say  a  large  bucket.  The  escaped  water  in  this  particular  case 
would  weigh  l8*691b.  Now  the  displacement  of  the  ship  to  that  of  the 
model  is  simply  as  the  cube  of  the  difference  in  the  dimensions;  or  say  the 
scale  for  the  ship  is  twelve  times  greater  than  that  for  the  model ;  then  the 
displacement  or  weight  of  the  model  multiplied  by  the  cube  of  12 
(12*  =  1728)  would  give  the  displacement  of  the  ship.  In  the  case  given 
above,  the  real  yacht  was  to  be  24  times  greater  than  that  of  the 
model  which  was  on  a  half  inch  scale,  and  the  weight  of  which  was 
18-691b.;  the  cube  of  24  is  13,824,  and  18-691b.  multiplied  by  13,824  is 
equal  to  258,3701b.  There  are  22401b.  to  one  ton;  then  258,370  divided 
by  2240  gives  a  quotient  of  115*33  tons,  the  exact  displacement  of 
Kriemhilda.  If  the  model  is  made  to  other  scales  the  displacement  can  be 
found  by  a  similar  process. 

If  the  model  of  the  yacht  be  accurately  made  from  the  drawings,  this 
experiment  will  give  the  exact  displacement  of  a  yacht  when  afloat  and 
ballasted.  (Examples  of  calculating  the  displacement  from  the  drawings 
will  be  given  further  on). 

Sea]e  of  model  Cnbe  of  proportion  by  which 

to  1ft.                   Proportion  to               the   weight   in    lb.    of  dis-  Tirni*i»iHi»«. 

,^^„                       real  ship.                  placement  of   the  model  is  Mumpiiera. 
^^^^'                                                                    multiplied. 

1     12  1728        0-771 

13-7143  2579        1061 

16  4096        1-828 

19-2  7077-9     3-160 

24  13824        6171 

32  32768        14629 

48  110592        49-371 

96  884736        394-971 
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The  weight  of  the  model  in  pounds  can  be  converted  into  tons  by  using 
the  multipliers  set  out  in  the  last  column  in  the  table  given  above  :  thus, 
take  the  weight  of  Kriemhilda^s  model  (to  half  inch  scale),  and  multiplying 
by  the  factor  6-171  we  have  18-691b.  x  6*171  =  115-33  tons. 

On  a  similar  principle,  if  a  drawing  is  made,  say  to  a  fin.  scale,  and  it 
should  be  desired  to  see  what  the  displacement  would  be  by  a  ^in.  scale, 
the  displacement  by  the  ^in.  scale  would  have  to  be  multiplied  by  the  cube 
of  the  proportion  of  one  scale  to  another.     The  fin,  scale  would  be  ^  of 

*  The  caleolation  of  this  yacht's  displacement  illustrates  the  text  farther  on. 
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the  real  ship,  and  the  ^J^in.  scale  ■^-^;  the  proportion  of  one  scale  to  the  other 
would  therefore  be  |f  =  1*5.  The  cube  of  1*5  is  3*375,  and  the  displace- 
ment by  the  fin.  scale  would  have  to  be  multiplied  by  that  factor.  Thus, 
say  the  displacement  is  12  tons,  12  x  3*375  =  40'5  tons  =  the  displace- 
ment by  the  ^in.  scale.  Similarly,  if  a  fin.  scale  has  to  be  applied  to  a 
-|-in.  drawing  the  process  would  be  the  same,  except  that  the  displacement 
by  the  |^in.  scale  would  have  to  be  divided  by  the  cube  of  the  proportion  of 
one  scale  to  the  other.  In  the  case  just  treated  we  should  therefore  have 
(proportion  =  1-5;  and  I'b^  =  3.375).  ^^^^  =  12  tons. 
The  following  table  of  factors  or  divisors  may  be  useful. 


iln.  to 


lin. 
Sin. 
gin. 
|in. 
|in. 
lin. 


Propor- 
tion. 


2000 
3000 
4-000 
5-000 
6-000 
7-000 
8-000 


Onbeof 
Propor- 
tion. 
Factor,  or 
Divisor. 


8-000 
27-000 
64000 
126-000 
216000 
348-000 
512-000 


}{n.  to 


Propor- 
tion. 


2000 
1-500 
2-000 
2-500 
3-000 
3-600 
4-000 


Cube  of 
Propor- 
tion. 
Factor,  or 
Divisor. 


8-000 
3-375 
8-000 
13-8-Z4 
27-000 
42-876 
64000 


gin.  to 


Propor- 
tion. 


3-000 
1-500 
1-333 
1-666 
2-000 
2-338 
2-666 


Cube  of 
Propor- 
tion. 
Factor,  or 
DiriBor. 


27-000 
3-375 
2*369 
4-624 
8-000 
12-689 
18-949 


^in.  to 


Propor- 
tion. 


4000 
200 
1-333 
1-250 
1-500 
1-750 
2000 


Cube  of 
Projwr- 

tion. 

Factor,  or 

Divisor. 


64-000 
8-000 
2-369 
1-953 
3-375 
5-359 
8-000 


|in.  to 


Propor- 
tion. 


Onbeof 
Propor- 
tion. 
Factor,  or 
Divisor. 


|ln.  to 


Propor- 
tion. 


Cube  of 
Propor- 
tion, 
Factor,  or 
Divisor. 


lin.to 


Propor- 
tion. 


Onbeof 
Propor- 
tion, 
Factor,  or 
Divisor. 


lin.  to 


Propor- 
tion. 


Cube  of 
Propor- 
tion. 
Factor,  or 
Divisor. 


^in. 
±m, 
Sin. 
|in. 
|in. 
Jin. 
lin. 


5-000 
2-500 
1-666 
1-250 
1-200 
1-400 
1-600 


125000 
15-625 
4-624 
1-953 
1-728 
2-744 
4-096 


Ain. 
|in. 
lin. 
Sin. 
Sin. 
Jin. 
lin. 


6-000 
3000 
2-000 
1-500 
1-200 
1-166 
1-333 


216-000 
27-000 
8-000 
3-875 
1-728 
1-585 
2-369 


bin. 
(in. 
lin. 
(in. 
lin. 
|in. 
lin. 


7000 
3-500 
2-333 
1-750 
1-400 
1-166 
1143 


343000 
42-875 
12-698 
5-359 
2-744 
1-585 
1-493 


8000 
4-000 
2-666 
2-000 
1-600 
1-383 
1-143 


512000 
64.000 
18-949 
8000 
4-096 
2-369 
1-493 


In  yacht  designing,  the  chief  use  of  ascertaining  the  weight  of  the 
displacement  is  to  determine  the  weight  of  ballast  a  sailing  yacht  wiU  carry, 
and  so  be  able  thereby  to  form  an  approximate  estimate  of  her  stability. 

In  the  case  of  steam  yachts,  it  is  of  the  greatest  importance  that  the 
displacement  should  be  calculated,  in  order  that  the  yacht^s  capacity  for 
carrying  her  machinery  and  coal  may  be  estimated. 

To  ascertain  the  weight  of  ballast,  the  weight  of  hull  or  material  used 
in  the  construction  or  fitting  up  a  yacht  must  also  be  known,  besides  the 
weight  of  displacement;  no  fixed  rule  as  to  the  proportion  the  weight 
of  the  ballast  should  bear  to  the  whole  weight  of  displacement,  and  the 
case  of  each  yacht  must  be  treated  individually.  (This  matter  will  be 
discussed  more  fuUy  under  the  head  of  "  Ballast.'') 

Displacement  is  sometimes  used  as  a  test  of  the  relative  fullness  or 
fineness  of  the  immersed  part  of  the  hull  by  what  is  termed  a  co-efficient. 


Co-effieient  of  Fineness.  5 


but  the  test  is  of  little  value,  so  far  as  yachts  of  the  modem  type  are 
concerned.  The  co-eflSicient  is  the  ratio  the  displacement  bears  to  the 
circumscribing  parallelopipedon.  In  Fig.  2,\et  ah  c  d  efg  h  represent  a 
block  out  of  which  the  hull  has  to  be  shaped ;  it  is  obvious  that  in  carving 
away  the  hull  to  meet  the  form  of  the  midship  section  at  i,  or  the  stem, 
keel^  and  stempost  at  j  k  Z,  that  the  volume  of  the  block  will  be 
considerably  reduced,  and  the  co-efficient  will  be  found  by  dividing  the 

_.   ^  .  _^ n 


Fig.  2. 

displacement  of  the  model  by  the  volume  of  the  rectangular  figure  formed 
by  the  length,  breadth,  and  mean  draught  of  water.  The  depth  from  the 
load  water-line  to  the  rabbet  of  keel  is  sometimes  used  as  the  draught,  but 
in  the  case  of  yachts  it  is  preferable  to  take  mean  draught  of  water,  as  the 
rabbet  is  so  variously  placed  with  regard  to  the  under  water  depth.  The 
co-efficients  of  fineness  of  some  well-known  yachts  of  a  bygone  period  are 

Thames  nA_«inM-«f  DiBplacenoent 

Tone.  Co-effldent  ^  ^ons. 

Qwendolin 197  -809  202*0 

Jullanar 126  -359  ISS'O 

Flormaa... 135  -311  150*0 

Formosa 102  '318  ISO'O 

Arrow 118  -262  1060 

Miranda 139  -310  1600 

Drina 13  -413  150 

Slenthhound 48  -831  630 

Mascotte    3  -417  7*0 

Vaneasa 21  -305  28-5 

Kriemhilda    106  -278  115*3 

Vol-au-Vent  104 -281  116*0 

Freda 5  *322 7*7 

Genesta  80  383  1410 

Beluga    56  -326  78*0 

Ghost 23  *870  31*0 

Saraband    12  -393  22*0 

Neptune 11  -308  15*0 

Oriental  (8.  T.) 232  -460  266*0 

Fair  Geraldine  (8.  T.)    301  *403  3150 

Marcheaa  (8.  T.)    160  *435  465*0 

Chazalie  (8.  T.) 545  -370  533*0 

Jacamar  (s.  T.) 451  *400  422*0 

BnUdog(8.  T.)  60  -424  580 

0elia(8.  T.)    27  -410  27*0 

Linotte  (8.  T.)  92  *403  84*0 

The  apparent  differences  in  the  relative  fineness  of  these  yachts  is 
chiefly   dependent   on   the    form   given    to    the    outline   of   the   vertical 
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longitudinal  section,  and  a  yacht  with  her  forefoot  very  much  cut  up,  such 
as  JuUanar,  Drina,  Ghost,  or  with  very  little  depth  of  keel  below  the 
rabbet,  like  a  steam  yacht,  will  appear  to  have  a  high  co-efficient  or  great 
fulness,  while  older  yachts,  with  a  great  deal  of  gripe  or  forefoot,  and  with 
considerable  depth  of  keel,  such  as  Arrow,  Kriemhilda,  Vol-au-Vent,  &c., 
will  appear  to  be  unusually  fine ;  but  as  a  fact,  there  is  not  the  variation 
in  the  relative  fineness  of  the  entrance  and  stern  as  the  co-efficients  would 
lead  one  to  suppose.  Therefore,  unless  the  longitudinal-vertical  outline  of 
any  yachts  under  comparison  agree  pretty  closely,  such  as  the  outlines  of 
most  steam  yachts  do,  the  test  of  the  fineness  by  a  co-efficient  may  be  very 
fallacious ;  and,  of  course,  the  test  would  be  quite  unreliable  if  applied  to 
modern  yachts  of  the  fin  keel  type.  A  reliable  test  can,  however,  be  applied 
by  getting  out  a  curve  of  displacement  by  vertical  sectional  areas.  This 
matter  will  be  considered  when  the  form  of  the  hull  is  reached. 

It  has  been  pointed  out  that  a  vessel  will  sink  into  the  water  until  she 
has  displaced  a  quantity  of  the  fluid  equal  to  her  own  weight :  but  there 
may  still  be  a  portion  of  the  vessel  unimmersed,  and  this  portion  would 
form  what  is  termed  the  ''  surplus  buoyancy.'*  The  value  of  this  surplus 
buoyancy  will  be  indicated  in  the  chapter  on  stability,  but  there  are  no 
precise  rules  for  determining  the  quantity  that  ought  to  exist  in  proportion 
to  the  under-water  quantity.  As  a  rule  the  bulk  above  water  is  nearly 
equal  to  the  under-water  bulk,  but  occasionally  it  is  considerably  less. 

A  rough  rule  for  finding  the  cubic  contents  of  the  above-water  bulk 
would  be  L  X  B  X  H  X  0*75,  where  L  length  over  all,  B  breadth,  and 
H  the  least  height  of  freeboard.     (See  also  the  chapter  on  "  Dimensions.'') 

CENTRE   OF  BUOYANCY. 

The  centre  of  buoyancy  of  a  vessel  is  the  centre  of  the  cavity  or  hole 
made  in  the  water  by  the  part  of  the  vessel  which  is  immersed ;  hence  it  is 
frequently  termed  the  centre  of  gravity  of  the  displacement.  Through 
this  centre  the  aggregate  pressure  of  the  surrounding  fiuid  acts  on  the 
immersed  part  of  the  hull,  and  it  is  necessary  to  note  that  in  speaking 
of  the  centre  of  buoyancy  of  a  vessel,  such  as  a  yacht  or  a  ship  of  any  kind, 
only  that  portion  which  is  immersed  is  necessarily  considered,  so  that  in 
fact  the  vessel  is  treated  as  if  she  were  cut  down  to  the  surface  of  the 
water.  The  centre  of  buoyancy  of  an  inmiersed  plane  of  similar  sides. 
Fig.  3,  or  of  an  immersed  sphere,  would  necessarily  be  in  the  centre  of  the 
block  at  0 — that  is,  would  be  equidistant  from  both  sides  and  ends,  and 
from  top  and  bottom,  and  the  centre  of  gravity  of  a  rectangular  solid  (see 
Fig.  4)  would  be  at  the  point  where  two  lines  ab,cd  intersect  each  other  at 


Centre  of  Buoyancy. 


€  ;  this  is,  however,  assuming  that  the  body  is  homogeneous,  such  as  water, 
and  it  must  not  be  forgotten  that  it  is  in  reality  the  centre  of  the  hole  made 


Fig.  3. 


in  the  water  by  the  vessel  and  not  the  vessel  herself  which  is  now  under 
consideration. 

But  a  yacht  is  not  shaped  like  a  rectangular  block,  nor  like  a  sphere. 


.--.----^S^'" 


Fig.  4. 


and,  owing  to  a  yacht's  irregular  form,  the  centre  of  buoyancy  is  seldom  at 
the  mid-length  of  the  hull,  nor  at  its  mid-depth ;  but,  inasmuch  as  both 
sides  of  a  yacht  are,  or  ought  to  be,  alike,  the  centre  of  buoyancy  is  always 


Fig  5. 


in  the  mid  fore-and-aft  line.      Fig.  5  represents  a  view  of  the  internal 
onder-water  space  of  a  yacht,  and  the  ball  may  be  taken  as  the  location  of 
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the  centre  of  the  space;  in  other  words,  of  the  centre  of  buoyancy 
through  which  the  force  represented  by  the  pressure  of  the  surrounding 
fluid  acts. 

In  yacht  designing  the  principal  objects  of  knowing  the  fore-and-aft 
position  of  the  centre  of  buoyancy  is  to  be  able  to  judge  of  the  relative 
fulness  or  fineness  of  the  fore  and  the  after  body,  and  to  calculate  the 
position  for  stowing  the  ballast  or  for  carrying  the  lead  keel  so  as  to  bring 
the  yacht  to  the  designed  load  line ;  in  the  case  of  steam  yachts,  it  is  of 
use  for  a  similar  purpose  in  determining  the  positions  for  carrying  ballast, 
engines,  boiler  and  coal. 

Until  about  the  year  1845,  it  was  the  practice  to  place  the  centre  of 
buoyancy  considerably  ahead  of  the  centre  of  length  of  a  vessel ;  and  this 
was  not  merely  the  accidental  result  of  the  short  full  bow  and  long  easy 
run,  as  a  general  conviction  prevailed  that  the  centre  of  buoyancy,  by  being 
well  forward,  tended  to  secure  easy  behaviour  in  a  disturbed  sea,  and 
prevented  a  vessel  diving  :  in  other  words,  that  it  gave  her  lifting  power. 

Tone.  ^-  ^ 

Falcon  (brig) 434  *016  ahead  of  centre  of  length. 

Vesper  (cntter) 14  *021  ahead  of  oentre  of  length. 

Cygnet  (cutter) 45  *005  abaft  of  centre  of  length. 

In  the  second  column  the  longitudinal  position  of  the  C.B.  is  given  in  terms 
of  the  length  of  the  L.W.L. ;  that  is,  the  distance  the  C.B.  is  from  the 
centre  of  length  of  the  L.W.L.  is  divided  by  that  length.  In  the  case  of 
the  Falcon  brig,  the  centre  of  buoyancy  is  l*7ft.  ahead  of  the  centre  of 
length  of  L.W.L ,  and  the  length  was  103ft.,  thus  ^  =  -016. 

The  Pearl  cutter,  of  187  tons  displacement,  built  at  Wivenhoe  in  the 
year  1820,  for  the  Marquis  of  Anglesea,  by  Sainty,  a  notorious  builder  of 
smugglers,  was,  however,  a  remarkable  departure  from  the  foregoing,  as 
her  centre  of  buoyancy  was  as  much  as  2ft.  abaft  the  centre  of  length,  or 
expressed  as  above,  *031,  and  twenty  years  later,  when  Mr.  Scott  Russell 
propounded  his  theory  as  to  what  should  be  the  relative  lengths  of  fore 
and  after  bodies,  the  practice  became  general  to  place  the  C.B.  further  aft ; 
this  practice  was,  however,  more  the  consequence  of  increasing  the  length 
of  fore  body  at  the  expense  of  the  length  of  after  body,  than  from  any 
assumed  law  as  to  where  the  location  of  the  centre  of  buoyancy  should 
be.  The  Mosquito,  built  in  1848,  was  a  notable  example  of  the  new 
departure,  her  centre  of  buoyancy  being  "033  abaft  the  centre  of  length 
of  L.W.L.;  whilst  the  America,  built  in  1851,  had  hers  so  far  aft  as  '049. 

At  the  present  day  it  is  common  to  find  the  centre  of  buoyancy 
still  farther  aft  than  in  the  case  in  the  Mosquito   and   Pearl,   striking 
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examples  being  furnished  by  Buccaneer,  Neptune,  Queen  Mab,  Valkyrie  III., 
Isolde,  Penitent,  Ac,  all  noted  racing  yachts  of  great  excellence,  dating 
from  1876  to  1896. 

I*W.L. 
Ft.  C.R 

Buccaneer  (Bayly) 34*17  -058  abaft. 

Sappho  (American)    121*00  '054 

Neptune  (lO-tona)  (Fife)  39*52  "052 

QneenMab  (Watson) 59*20  '050 

America  (Steers)    87*26  -049 

Samoena  (Richardson)    80*70  *046 

Valkyrie  m.  (Watson) 88*85  •045 

Isolde  (Fife)    59*56  -044 

Latona(Fife)  93*60  '043 

Ailsa  (Fife) 89*25  '042 

Windfall  (Payne)    33*30  -042 

Arrow  (Chamberlayne) 76*68  '040 

Vreda  (20)  (Watson) 45*40  *040 

Penitent  (Payne)    48*00  '040 

Egeria  (Wanhill)    93*80  "039 

Fiona  (Gutter)  (Fife) 72*84  -038 

Mimosa  (20)  (Clayton)  47*33  -038 

Vanessa  (Hatcher) 47*00  -036 

Diagon  (20)  (Fife) 45*36  -036 

Aline  (Nicholson)   100*40  *035 

Ghost  (Clayton) 46*05  '031 

Vendetta  (Payne)    60*4  '030 

Sleuthhonnd  (Fife) 64*07  -030 

Constance  (now  Freda)  (Kemp)   ...  82*77  -027 

Cariad  (Payne)  78*4  *026 

Vol-au-Vent  (Batsey)    79*74  -025 

Formosa  (Batsey)  82*66  '024 

Vandnara  (Watson)    81*20  -024 

Freda  (20tons)  (Webb) 49*64  '020 

Miranda  (Harvey) 86*35  '026 

Belnga(Kemp)  66*84  *019 

Seabelle  (Harvey) 90*50  *019 

Kriembilda  (Batsey)  79*50  -016 

Florinda  (Nicholson) 85*90  '015 

Only  a  general  conclusion  can  be  arrived  at  from  an  examination  of 
the  foregoing  particulars,  whicb  is,  that  the  centre  of  buoyancy  should  be 
near  abaft  the  centre  of  length ;  but  it  may  also  be  very  considerably  abaft. 
As  a  matter  of  fact  the  fore  and  aft  position  of  the  centre  of  buoyancy  does 
nothing  more  than  indicate  the  relative  fulness  of  the  fore  and  after  bodies ; 
but  with  the  new  doctrine,  that  a  long  entrance  is  more  useful  than  a 
dehvery  to  secure  fast  reaching  power,  it  became  a  common  conviction  that 
the  centre  of  buoyancy  should  be  far  aft.  The  Arrow  can  be  quoted  to 
j:i8tify  the  conviction.  On  the  other  hand,  the  Florinda,  with  her  centre  of 
buoyancy  almost  in  her  centre  of  length,  was  noted  for  speed  against  any 
description  of  vessel  of  her  day  (between  1873-84) ;  and  further,  the  centre 
of  Imoyancy  of  Miranda  was  placed  farther  aft  than  Seabelle^s  by  her 
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designer  in  the  expectation  of  securing  greater  reaching  power,  but  the 
expectation  was  not  realised.  Thus  it  is  quit«  safe  to  assume  that  for 
general  performance  great  licence  is  permissible  in  locating  the  centre  of 
buoyancy  in  a  fore-and-aft  direction,  and,  if  situated  somewhere  near  the 
centre  of  the  length,  it  is  impossible  to  trace  any  influence  on  the  speed 
from  slight  variations  in  its  position. 

The  old  conviction  that  a  full  round  deep  bow  is  required  to  give  a  vessel 
lifting  power  is  not  now  frequently  met  with ;  but  often  a  vessel  is  said  to 
pitch  violently  in  consequence  of  her  heavy  after-body,  which  would,  as  a 
matter  of  course,  mean  that  the  centre  of  buoyancy  is  relatively  far  aft. 
There  is  no  particular  reason  why  a  full  after-body  should  of  itself  cause  a 
vessel  to  pitch  or  dive,  and  these  defects  may  be  entirely  dependent  upon 
some  other  cause  ;  but,  if  a  vessel  were  immoderately  full  aft,  it  would  entail 
other  bad  qualities,  such  as  uneasy  twisting  motions  and  yawing  in  a 
sea-way,  and  a  general  unstableness  so  far  as  steering  goes.  This  much 
however,  can  be  said  with  some  degree  of  certainty,  that  the  vessels 
which  have  been  noted  for  easy  fore  and  aft  motion  in  a  sea-way,  have  had 
their  centre  of  buoyancy  not  farther  than  '02  abaft  the  centre  of  length. 

The  vertical  situation  of  the  centre  of  buoyancy  or  its  distance  below 
the  load  water-line,  is  usually  calculated,  but  knowledge  of  its  position  is 
of  little  value  except  in  cases  where  the  stability  is  also  calculated. 


CHAPTER   II. 
PROPORTIONS  OF  YACHTS  AND  TONNAGE  RULES. 


JSefobe  proceeding  to  consider  the  relative  proportions  of  length,  breadth, 
and  depth  found  in  yachts,  it  will  be  well  to  trace  the  influence  the  opera- 
tion of  the  tonnage  laws  have  on  these  proportions.  According  to  Willet's 
'^  ArchsBologia/'  vol.  xi.,  a  common  method  of  calculating  the  tonnage  of 
ships  prior  to  1719  was  ^""^^^y  D  being  depth  in  hold.  .  The  divisor  96 
was  probably  chosen  because  it  approximately  gave  the  amount  of  cargo  in 
dead  weight  a  vessel  of  certain  proportions  would  carry,  it  being  customary 
to  levy  dues  for  vessels  carrying  coals,  &c.,  by  such  a  method  (95  was 
the  divisor  used  in  the  United  States  of  America).  There  would 
obviously  be  some  difficulty  in  measuring  the  depth  of  hold  of  a  laden 
vessel ;  and  it  seems  for  this  reason,  and  also  to  provide  against  the  use  of 
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false  bottoms,  that  half  breadth  was  substituted  for  depth  to  give  the  cubic 
measure  and  the  divisor  altered  to  94,  as  half  breadth  was  not  quite  equal 
to  depth  in  large  ships.  The  lengfch  was  taken  along  the  keel,  and  con- 
siderable rake  of  stem  and  sternpost  was  usually  given  a  vessel.  To  allow 
for  this,  if  the  vessel  when  about  to  be  measured  were  afloat,  f  of  the 
breadth  was  deducted  from  the  length  to  allow  for  the  rake.  This  rule  was 
confirmed  in  1704,  with  the  addition  that  when  the  length  was  taken  on 
deck  2^  inches  should  be  further  deducted  for  every  foot  of  depth  at  the 
sternpost  for  rake,  it  being  assumed  that  a  perpendicular  was  dropped 
from  the  stem  and  sternpost,  and  the  space  measured  in  from  the  per- 


12  Yaeht  Arehiteeture. 


pendicular  to  the  heel  of  sternpost  and  stem  in  the  direction  of  the 
straight  rabbet  line.  For  small  vessels  like  schooners  and  cutters  the 
length  was  still  taken  along  the  rabbet  of  the  keel  from  aft  side  of  stern- 
post  thereat,  and  an  allowance  made  for  rake  of  stem  equal  to  f  the 
breadth.  Fig.  6  shows  how  the  length  was  taken  from  the  back  of  stern- 
post  along  the  rabbet  line  from  a  to  b,  squared  down  from  the  stem  head 
at  c,  not  including  knee  or  figure  head. 

It  is  obvious  that  by  raking  the  sternpost  the  length  would  be  shortened, 
and  in  yachts  as  much  as  55^  rake  of  sternpost  was  sometimes  met  with. 
This  evasion  of  the  tonnage  rule  led  to  great  discussion  thirty  years  ago, 
and  in  1854  the  Royal  London  Yacht  Club  took  the  length  on  deck 
instead  of  along  the  keel.  The  Royal  Thames  Club  subsequently  adopted 
this  length,  and  subtracted  whole  breadth  instead  of  ^  breadth,  to 
satisfy  those  whose  vessels  having  great  rake  of  sternpost  would  have  had 
their  tonnages  raised  by  a  greater  number  of  tons  than  the  vessels  with 
little  rake.  This  rule,  having  originated  in  the  Thames,  was  known  as 
"  Thames  measurement,"  and  was  adopted  by  the  Yacht  Racing  Associa- 
tion in  1876.  (L  -  B)  X  B  X  JB         (L  -  B)  X  (^) 

94  94 

When  the  length  on  deck  from  stem  to  sternpost  was  substituted  for 
length  on  keel,  some  attempts  were  made  to  evade  it  by  upright  stem- 
posts;  but  rake  aft  was  found  to  be  a  very  valuable  quality  for  sailing  by 
the  wind  and  for  general  handiness,  hence  rake  in  a  modified  degree  was 
always  to  be  found  in  racing  yachts ;  although  in  cruisers  little  or  no  rake 
was  ever  given,  and  it  was  the  interest  of  builders  to  keep  the  keel  as  long 
as  possible,  as  they  continued  to  be  paid  per  ton  by  the  old  rule. 

About  the  year  1865,  so  far  as  racing  yachts  are  concerned,  attempts 
were  made  to  have  the  rake  and  yet  evade  its  consequences  by  an  elbow  in 
the  sternpost,  as  shown  by  Fig.  7,  or  by  immersing  the  counter  to  plumb 
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with  the  sternpost  on  deck,  a  a  is  a  sternpost  with  counter  immersed  to  e; 
?2  n  is  a  sternpost  with  elbow  from  c  to  a,  the  length  on  deck  having  thereby 
been  shortened  by  the  piece  n  a.  To  avoid  these  evasions  the  Y.R.A.  in 
1878  adopted  length  on  L.W.L. 
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The  effect  of  using  beam  twice  as  a  factor  in  the  tonnage  rule  was  to 
place  a  heavy  penalty  on  it,  whilst  depth  was  entirely  untaxed.  Naturally 
designers  used  as  little  of  breadth  as  they  could,  and  as  much  of  depth.  As 
a  measure  of  tonnage  or  cubic  capacity  the  rule  was  entirely  fallacious,  as 
it  took  no  cognisance  of  form.  The  consequent  effect  of  the  rule  in  the 
merchant  navy  was  to  produce  deep  box-shaped  vessels,  slow,  and  difficult 
to  steer,  but  carrying  a  large  amount  of  cargo  in  proportion  to  their  nominal 
tonnages.  No  inducement  existed  to  make  yachts  box-shaped,  but  the 
influence  of  the  rule  in  producing  long,  narrow,  and  deep  vessels  was  most 
marked. 

However,  so  far  as  yachts  were  concerned,  the  rule  for  a  great  many 
years  (up  to  1854)  fairly  enough  valued  length  and  breadth,  as  for  any 
given  length  a  certain  proportion  of  breadth  was  indispensable  to  obtain 
sail-carrying  power.  It  was,  even  at  that  period,  understood  that,  other 
things  being  equal,  length  alone  governed  speed ;  but  length  could  not  be 
increased  without  increasing  beam  in  a  certain  proportion,  and  so  for  every 
foot  increase  of  length  a  just  value  was  paid  for  it  in  tonnage  under  the  rule. 

Thus  even  under  a  tonnage  rule  yachts  for  a  time  continued  to  be  built 
broad ;  when,  however,  metal  keels  were  introduced  it  was  soon  discovered 
that  for  any  given  tonnage  length  could  be  increased  and  breadth  decreased 
to  a  very  considerable  extent.  This  led,  in  coarse  of  time,  to  vessels  being 
built  of  five  and  six  beams  to  length  instead  of  three  and  three  and  a  half 
beams ;  and  it  became  apparent  that  yachts  of  even  more  extreme  proportions 
could  be  successfully  raced  against  broader  yachts  of  less  length.  We  need 
not  enter  into  the  question  as  to  whether  or  not  a  yacht  of  five  or  six  beams 
is  a  better  boat  than  one  of  four  beams ;  it  is  sufficient  for  our  purpose  to 
know  that  for  any  given  tonnage  the  rule  allowed  a  yacht  of  six  beams  to 
be  rated  too  lightly  as  compared  with  the  value  placed  upon  one  of  four  or 
four  and  a  half  beams;  and  the  same  might  be  said  of  five  beams  as 
compared  with  four  beams.  The  effect  of  this  was  to  produce  a  continuous 
exaggeration  of  one  particular  costly  type  of  yacht. 

So  long  as  beam  was  absolutely  essential  for  sail-carrying  power,  too 
heavy  a  penalty  was  not  imposed  on  it ;  but  as  the  sail-carrying  power  could 
be  obtained  by  using  an  entirely  untaxed  quantity  (depth),  length  became 
almost  the  only  element  in  the  hull  of  a  yacht  which  it  was  necessary  to  tax 
at  all.  Consequently  in  1880  the  author  proposed  to  shift  the  onus  of  the 
rating  from  B*  to  L  i^  tli©  following  formula  ^  .  For  a  rating  by  the 
hull  alone,  if  length  only  were  taxed,  there  would  be  a  strong  inducement 
to  build  broad  shallow-bodied  vessels,  with  deep  and  heavily-weighted 
keels,  so  as  to  obtain  the  advantages  of  both  breadth  and  depth ;  hence  it 
was  proposed  to  include  breadth  in  the  rule. 
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After  a  long  controversy  a  modification  of  this  rule  was  adopted  by 
the  Yacht  Racing  Association  as  follows : 

(L  -h  B)«  X  B 
1730 

It  was  soon  discovered  that  this  slight  modification  of  the  Thames  rule 
had  no  influence  in  checking  the  development  of  length  and  the  sacrifice  of 
beam  j  indeed^  its  chief  feature  was  to  precipitate  the  building  of  extremely 
narrow  yachts^  and  so  paved  the  way  to  an  entirely  radical  change  in  the 
rating  of  yachts  for  competitive  sailing. 

The  position  of  affairs  in  1886  can  be  thus  summed  up :  the  Thames 
rule  of  measurement^  and  the  modifications  of  it^  stood  in  the  way  of  making 
any  varied  experiments  in  models.  The  penalty  put  upon  beam^  and  the 
absence  of  any  restriction  upon  depth  or  ballasting,  left^  for  the  purposes 
of  competitive  sailing,  little  opportunity  for  the  naval  architect  to  make 
extended  experiments  with  form.  His  ingenuity  was  almost  whoUy 
directed  to  the  question  of  stability  as  dependent  upon  depth  and 
ballasting,  and  yachts  were  necessarily  of  one  stereotyped  form.  These 
long  narrow  yachts  were  capable  sea  boats^  because  good  behaviour  in  a 
disturbed  sea  is  largely  dependent  upon  length  and  depth;  and  whilst 
length  was  only  lightly  taxed  by  the  rule,  depth  was  not  taxed  at 
all.  With  this  knowledge  of  the  beneficial  operation  of  the  rule,  it 
is  not  surprising  that  a  great  resistance  was  always  made  to  the  intro- 
duction of  any  other  rule  which  would  check  the  development  of  length 
and  depth. 

It  had  several  times  been  suggested  that  instead  of  taxing  the  huU^ 
which  has  to  be  driven,  the  sail,  which  is  the  driving  power,  should  be 
taxed ;  indeed,  sale  area  formed  the  basis  of  comparison  for  time  allowance 
in  the  rules  of  the  New  York  Yacht  Club  in  1854.  It  was  also  advocated 
by  the  late  Mr.  Philip  R.  Marett  for  use  in  this  country,  and  was  actually 
adopted  in  the  season  of  1857  by  the  Royal  Yacht  Squadron.  In  the  year 
1880  the  author  of  this  work  proposed  that  length  of  water  line  as  a  prime 
factor  in  speed  should  be  used  in  conjunction  with  sail  as  a  comparative 
rating  for  yachts  in  competitive  sailing,  the  formula  being : 

L  X  s 


Batinfir  •• 


6000 


In  1882  the  Seawanhaka  Yacht  Club  of  New  York  adopted  an  almost 

equivalent  rule*  as  follows  : 

L  +  v'S. 
Corrected  length  « 

•  An  actually  equivalent  rule  would  be  y^  x  S. 
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The  New  York  Yacht  Club  varied  the  Seawanhaka  rule  as  follows  : 

(L  X  2)  +  ^/Q. 


Corrected  lenfirth 


3 


In  the  year  1883  the  Yacht  Racing  Association  adopted  the  author's 
rule  as  first  proposed  as  an  alternative  rule,  and  in  1886  .made  it  the 
sole  rule.  Of  these  rules  that  adopted  by  the  Y.R.A.  admits  of  the  employ- 
ment of  the  greatest  length  for  any  given  rating,  as  will  be  seen  by  the 
following  comparison : 


No. 


Club  Bale. 


Length  of  Water  Line. 


80ft. 


Poesible  sail  area   New  York 
L  2  +  v'S 


T.C.rule^ , 

Possible  sail  area  under  Sea-  | 
L+v'S 


wanhakamle 


2 


Under  eqniTalent  Y.B.A.  role 

^LxS. 

Possible  sail  area  for  10-rater 
LxS 


under  Y.B.A.  mle 


2000  sq.  ft. 
2000  sq.  ft. 


6000" 


2000  sq.  ft. 
2000  sq.  ft. 


Mft 


1225  sq.  ft. 

1578  sq.  ft. 

1714  sq.  ft. 
1714  sq.  ft. 


40ft 


625  sq.  ft. 
1206  sq.  ft. 

1500  sq.  ft. 
1500  sq.  ft. 


Oorrected 

Length 

for  Bating. 


3500  ft. 
37-36  ft. 
8915  ft. 


Bating 


10 
10 

10 
10 


It  will  be  seen  that  the  operation  of  this  rule  may  affect  the  proportions 
of  yachts  in  quite  a  diversified  manner;  and  one  general  effect  was  to 
make  yachts  broader  for  any  given  length  than  they  were  prior  to  1886. 
Speaking  generally  of  the  influence  of  the  rule  it  can  be  said  that  if  for 
any  given  rating  a  yacht  was  short  she  could  have  a  large  sail  spread 
and  required  great  beam  or  depth  of  ballasting  or  weighty  or  a  combination 
of  all  three^  to  enable  her  to  carry  the  sail. 

If  the  yacht  is  long  in  proportion  to  her  sail  spread  her  displacement 
is  required  to  be  reduced  to  that  minimum  which  will  just  enable  her 
to  carry  the  sail  due  to  her  length  and  rating. 

However,  in  this  country,  at  any  rate,  short  yachts  with  large  sail 
spreads  did  not  answer  in  average  weather,  and  the  final  outcome  of 
the  rule  was  to  produce  yachts  of  small  sail  spreads  in  proportion  to  their 
lengths,  the  comparison  being  made  by 


\/Sail  Spread. 
L.W.L. 

As  a  tax  on  sail  is  practically  a  tax  on  displacement,  the  yachts  became 
very  shallow  in  body,  with  excessive  draught  of  water,  and  finally  the  fin- 
bulb  keel  (of  which  examples  will  be  found  among  the  plates)  was  adopted. 
This  type,  on  account  of  the  small  head  room  in  yachts  of 
64ft.  L.W.L.  and  under,  was  as  much  objected  to  as  the  narrow,  deep- 
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bodied  craft  built  under  the  old  tonnage  rule,  and  in  1895  the  Yacht 
Racing  Association,  assisted  by  the  leading  yacht  designers  and  Mr.  R.  B. 
Froude,  F.R.S.,  adopted  a  hull  girth  measurement  (based  on  Lloyd's  rule 
for  scantlings),  combined  with  length  of  water  line,  beam,  and  sail  spread 
as  follows : 

The  nbtinfir  of  every  yaoht  entered  to  sail  in  a  raoe  shaU  be  aeoertained  by  adding  together 
length  (L),  beam  (B),  0*75  of  girth  (G),  and  0'5  of  the  aqoare  root  of  the  sail  area  (SA),  and 
diTiding  the  enm  by  2  aooording  to  the  following  formula  : — 

L  +  B  +  0-75  G  +  0-5  v'SA 
2 —Bating. 

In  all  ratings,  figares  in  the  eeoond  place  of  decimals  below  0*05  shall  be  disregarded,  and 
those  of  0*05  and  upwards  shall  oonnt  as  0*1. 

The  lengrth  shaU  be  taken  between  the  outer  edges  of  the  Official  marks  of  the  Y.R.A.,  as 
placed  by  the  owner  at  the  bow  and  stern  of  the  yacht,  this  length  to  represent  the  extreme  length 
for  immersion,  provided  always  that  if  any  part  of  the  stemw  stem-post  or  other  part  of  the 
vessel  below  the  marks  for  length  project  beyond  the  length  taken  as  mentioned,  such  projection 
or  projections  shall,  for  the  purposes  of  the  rule,  be  added  to  the  length  taken  as  stated ;  and 
pieces  of  any  form  cut  out  of  the  stem,  stern-post,  or  fair-line  of  the  ridge  of  the  counter,  with  the 
intention  of  shortening  the  length  shall  not  be  allowed  for  in  measurement  of  length  if,  at  or 
immediately  below  the  marks  for  the  length,  nor  above  if  within  6  inches  of  the  water  level. 

The  breadth  shall  be  taken  from  outside  to  outside  of  the  planking,  in  the  broadest  part  of 
the  yacht,  and  no  allowance  shall  be  made  for  wales,  doubling  planks,  or  mouldings  of  any  kind. 

The  girth  shall  be  taken  from  L.W.L.  to  L.W.L.  under  the  keel  at  a  station  0*6  of  the 
distance  between  the  outer  edges  of  the  length  marks  from  the  fore-end.  The  girth  shall  be 
measured  along  the  actual  outline  of  the  vertical  cross  section  at  that  station  at  right  angles  to 
the  L.W.L.,  see  Figs.  8  and  9,  a  a\  and  Figs.  10  and  11.    If  the  draught  forward  of  that  station. 


Fio.  8. 

e  6,  Fig.  9  (not  including  the  girth  of  a  bulb,  if  any)  exceeds  the  draught  at  that  station,  a  a\ 
twice  such  excess  to  be  added  to  G.  In  taking  these  measurements  aU  hollows  in  the  fore  and 
aft  under-water  profile  of  the  vessel  to  be  treated  as  fiUed  up  straight.  Should  a  piece  be  added, 
as  at  b,  then  a  line  must  be  drawn  from  6  to  c,  and  the  girth  be  measured  to  d.     Fig.  8.) 

In  the  case  of  a  centre-board,  1*5  times  the  extreme  drop  of  the  board  below  the  keel  to  be 
added  to  the  girth  as  taken  at  a  a' ;  and  if  the  board  is  dropped  below  the  keel  at  e  0,  the 
excess  at  e  0  shall,  nevertheless,  be  added  to  girth  in  accordance  with  the  rule.  Bulb  or 
ballasted  centre-boards  to  be  measured  as  fixed  keels. 

Owners  shall  mark  the  length  for  rating  of  their  Yachts  on  both  sides  at  the  bow  and  stem 
in  such  manner  as  the  Council  may  direct,  with  the  official  marks  supplied  by  the  Y.B.A.,  which 
marks  shall  at  all  times  represent  the  extreme  length  for  immersion  when  the  yacht  is  lying  in 
smooth  water  in  her  usual  racing  trim,  including  racing  crew  on  board  at  and  about  the  mid 
overall  length. 

Owners  shall  mark  the  points  for  measuring  the  girth,  as  follows  :  by  fixing  three  metal 
discs  of  suitable  site  on  each  side  of  the  yacht,  not  less  than  2  inches  or  more  than  6  inches 
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above  the  load  water-line  level  (and  parallel  thereto),  and  not  less  than  8ft.  or  more  than  6ft. 
from  end  to  end,  and  ao  that  the  centre  mark,  a,  of  the  three,  coinoides  with  the  distance  0*6 
from  the  fore  edges  of  the  bow  marks  (see  a  and  c,  Fig.  8) ;  and  the  owner  shall  also  place  a 
diso  coinciding  with  this  centre  mark  (perpendicular  to  the  load  water-line  level),  under  the  rail 


Fia.  10.  Fio.  11. 

or  ooverinir  board  and  another  on  the  side  of  the  keel  perpendicular  to  the  load  water-line  level 
($ee  a'  Figs.  8  and  9).    The  distances  between  the  load  water-line  level  and  the  horizontal  marks 
to  be  measured  when  the  yacht  is  afloat  in  smooth  water  with  crew  on  board  according  to  the 
rule,  and  deducted  from  the  girth  as  obtained  from  eentre  mark  to  centre  mark. 
Example  of  working : 

L.W.L.  -  45-6ft.  Girth  =  23-4. 

Beam  »  13*0.  Sail  Area  «  2600. 

The  girth  multiplied  by  '75  is  17*55. 

The  square  root  of  the  sail  area  2600  is  51  which  multiplied  by  '5  equals  25*5. 

Then  the  sum  wUl  be  : 

L 45*60 

B 13*00 

•75  G_^. 17*55 

*5s/SA  25*60 


2)101*65 

50*87  a-  50*9  linear  rating. 
Of  conTse  the  object  aimed  at  m  this  rule  is  to  induce  fuller  mid- 
sections^  as  by  filling  them  out  the  girth  would  be  shortened ;  and^  as 
only  half  the  square  root  of  the  sail  area  is  used  in  the  formula,  this  is 
expected  to  induce  larger  sail  spread,  which,  in  turn,  is  expected  to 
encourage  a  larger  under  water  body  to  carry  the  sail,  and  the  greater 
driving  power  may  prevent  a  falling  ofE  in  speed.  At  present  (1896) 
the  general  expectation  regarding  the  influence  of  the  rule  appears 
likely  to   be   realised,  and  forms  prevalent  under  the  first  operation  of 
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the  -0000-  rul©  of  1886  are  coming  into  fashion  again^  but  with  much  larger 
sail  spreads  ;  however,  it  is  too  early  to  sp^aJs:  about  the  new  formula  with 
precision,  especially  as  many  of  the  shallow  fin-bulb  type  are  successful. 

With  regard  to  cruising  yachts — or  yachts  built  entirely  with  a  riew 
of  getting  the  most  possible  comfort  whilst  afloat — it  cannot  be  contended 
that  the  old  tonnage  rule  necessarily  operated  against  beam.  In  short, 
it  was  the  builder's  interest  to  make  the  vessel  as  broad  as  possible,  as  he 
was  generally  paid  by  the  ton,  and  under  this  rule  beam  increases  tonnage 
nearly  eight  times  as  fast  as  length,  if  the  proportion  of  length  to  beam 
is  as  five  to  one.  But  as  a  matter  of  fact  the  person  for  whom  the  yacht 
was  to  be  built  knew  this  condition  of  the  rule  as  well  as  the  builder ;  and 
as  8ft.  of  length  is  of  more  value  for  internal  accommodation  than  1ft.  of 
breadth,  it  is  not  surprising  for  this  reason  alone  that  owners  were  willing  to 
put  up  with  as  little  beam  as  possible.  For  any  given  tonnage  the  longer  and 
deeper  vessels  are  more  costly  to  build,  and  the  price  per  ton  was  necessarily 
increased  by  the  builders,  a  fact  which  owners  were  quite  aware  of,  but  it  was 
generally  attributed  solely  to  the  increased  price  of  material  and  labour. 

However,  for  cruising,  a  yacht  has  generally  been  given  a  greater 
proportion  of  beam  to  length  than  a  racing  yacht ;  but  the  proportion  which 
beam  should  bear  to  length  is  subject  to  a  great  variety  of  opinions.  The 
true  reasons  for  giving  a  cruising  yacht  more  beam  than  a  racing  yacht  were 
these  :  In  the  first  place  initial  stability,  or  resistance  to  be  heeled  from  an 
upright  position  at  the  commencement  of  inclination,  can  be  attained  by 
beam  at  a  less  cost  than  by  depth  heavily  weighted  with  lead.  It  is  very 
desirable  for  comfort  that  a  cruising  yacht  should  be  kept  as  upright  as 
possible ;  for  cruising,  nothing  can  be  more  uncomfortable  and  inconvenient 
than  for  a  yacht,  even  in  moderate  breezes,  to  be  always  over  on  her  side  : 
it  will  be  impossible  to  walk  about  her  deck,  and  the  discomfort  and  disorder 
below  are  unbearable.  

The  results  of  practice  indicate  that  for  a  cruising  yacht  the  length 
should  be  from  4  to  4*75  times  the  beamier,  in  other- words,  beam  should  equal 
length  on  load  line  multiplied  by  factors  ranging  from  "25  down  to  '211. 

With  regard  to  the  height  of  freeboard*  a  great  difference  of  opinion 
would  appear  to  have  prevailed,  inasmuch  as  yachts  of  150  tons  exist  with 
only  2ft.  9in.  of  side  above  water  at  the  lowest  point  of  the  deck,  and 
yachts  of  40  tons  are  frequently  given  as  much  as  three  feet.  One  rule  for 
determining  freeboard  is  based  on  the  assumption  that  a  yacht  should 
have  so  much  side  that  when  she  is  heeled  none  of  her  deck  is  immersed 
/until  a  certain  anglq  of  heel  is  reached.  This  angle  was  generally  put 
at  SQP  for   small  yachts  of  5  tons,  and  diminished  to  24°  for  yachts  of 

*  Freeboard  here  means  the  least  height  of  side  from  the  water  snrfaoe  to  the  deck. 
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larger  tonnage.  Tliis  rale  is  a  tmstworthj  one  so  long  as  the  yachts  are 
of  from  four  times  to  four  and  a  half  times  their  beam  in  length ;  but  when 
the  length  mach  exceeds  these  proportions  it  is  inapplicable.  For  instance^ 
tlie  Jullanar  is  nearly  six  times  her  beam  in  lengthy  or  16*88ft.  to  lOOft.^ 
and  if  her  freeboard  had  been  apportioned  by  the  rule  that  her  deck  was 
to  reach  the  water  at  24°  inclination^  she  would  only  have  been  given 
3ft.  2in.  of  side  at  the  lowest  point.  This  would  have  been  a  sufficient 
proportion  for  a  yacht,  say  72ft.  long  and  16ft.  broad,  equal  to  77  tons ; 
bnt  the  JnUanietr  is  27ft.  longer,  and  has  the  propelling  or  heeling  force  in 
the  way  of  sails  usually  given  a  yacht  of  nearly  double  77  tons,  whilst  her 
stiffness  is  not  in  that  proportion ;  she  therefore  requires  increased  side  to 
assist  her  stability  so  that  she  may  carry  her  canvas  effectively,  and  at  the 
same  time  keep  her  as  dry  in  a  seaway  as  the  shorter  and  slower  yacht. 
{See  chapter  on  ^'  Stability.^')  It  is  thus  quite  plain  that  the  freeboard  of 
a  yacht  should  not  be  decided  upon  by  beam  alone,  irrespective  of  length; 
neither  would  it  be  satisfactory  to  decide  upon  freeboard  by  length  without 
reference  to  beam,  and  a  rule  is  required  which  will  include  the  proportion 
of  beam  to  length,  and  maintain  approximately  an  equal  volume  above 
water  for  any  given  length.  It  is  found  that  the  freeboard  of  well- 
proportioned  yachts  of  four  and  a  half  beams  to  length  varies  as  the  I'S"*^ 
roots  of  their  breadths  multiplied  by  a  factor  varying  with  the  proportion 
of  breadth  to  length  on  the  load  water  lilie,      Freeboard  »  ^'^Beam  x  Factor. 

The  following  tables  will  supply  factors  for  yachts  of  all  proportions 

and  sizes : 

Fob  Yachts  bxcxbdino  25ft.  Watbb  Lnnc. 


No.  of  Beams 
to  length. 

3     

3i  

3i  

H 

4     

4i  

4*  


Factor. 
•50 
•54 
•58 
•62 
•66 
•69 
•72 


No.  of  Beams 
to  length. 
4*  

5     

H  

5i  

5*  

6     

•  6i  


Factor. 
•75 
•78 
•81 
•84 
•87 
•90 
•98 


No.  of  Beams 
to  length 

6i  

6i  

7    

7i  

7i  

7f  

8     


Factor. 

..  ^96 

..  -99 

.  102 

.  104 

.  1-06 

..  108 

.  1-10 


Fob  Yachts  ob  Boats  mot  bxcbbdingi  . 
25vT.  Wateb  Limb. 


Factor. 
.     ^60 
•64 

.   •es 

.  -71 
.  ^74 
.  ^77 
•80 
.     -88 

.   •se 

.     ^89 


Naof 

to  length. 

2i  .. 

2f  .. 

3  .. 
3i  .. 

3i  .. 

4  ... 
4i  .., 
41  .. 
41.. 

5  .. 


Fob  Stbax  Yachts. 


No.  of  Beams 
to  length. 
5     


5f 

6 

6i 

6i 

6i 

7 

7i 

7i 

8 


Factor. 
..      65 


•71 
•73 
•75 
•77 
•80 
•83 
•87 
•91 
•95 
1^00 


*  A  table  of  the  1^8  roots  of  numbers  will  be  found  in  the  Appendix. 
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The  rule  applied  to  a  narrow  yacht  of  5^  beams  as  an  example^  like  the 
yawl  Lenore,  89ft.  on  the  water  line,  and  17*2  beam,  would  giye  her 
5^17  X  'SI  =  4ft.  The  exact  freeboard  of  Lenore  at  the  lowest  point  is 
4-2ft.  For  the  20-rater  Vreda  we  have  v^lO'l  x  -75  =  2-7ft.,  which  is 
her  exact  freeboard.  The  1 3ft.  Itchen  punt  Yril  has  a  freeboard  of  l'4ft., 
and  by  the  formula  it  would  be  v^^^  x  -6=  l'5ft.;  in  fact,  the  rule,  if 
applied  to  yachts  of  any  extreme  proportions,  up  to  lengths  of  200ft.  water 
line,  will  give  a  suitable  height  of  freeboard  for  them. 

So  far  as  steam  yachts  are  concerned,  the  practice  now  is  to 
give  them  considerably  more  freeboard  than  was  formerly  the  case,  and 
they  are  in  consequence  much  drier  on  the  deck  and  safer  in  bad 
weather.  They  do  not,  however,  require  quite  as  much  freeboard 
as  sailing  yachts  of  equal  length,  and  as  a  rule  they  have  higher 
bulwarks. 

The  foregoing  formula  and  table  will  give  a  suitable  light  load  water- 
line  freeboard  for  a  steam  yacht;  that  is  what  her  freeboard  should  be 
when  she  has  burnt  all  her  coal. 

In  designing  merchant  ships  it  is  usual  to  consider  freeboard  in 
relation  to  depth  as  well  as  length  and  breadth,  but  as  a  yacht's  free- 
board may  be  regarded  as  an  unalterable  quantity  after  she  is  once 
ballasted  (excepting  in  the  case  of  steam  yachts),  depth  under  water  need 
not  enter  into  the  calculation,  as  the  quantity  of  freeboard  given  by  the 
rule  is  sufficient  for  any  depth  a  yacht  is  likely  to  be  given  be  she  steam  or 
sail,  and  is  at  the  same  time  appropriate  for  shallow  yachts ;  indeed,  the 
freeboard  might  be  reduced  for  very  deep  yachts  without  unfavourably 
influencing  their  performances,  in  order  to  keep  the  weight  of  deck,  &c., 
as  low  as  possible,  as  well  as  the  centre  of  effort  of  the  sails,  but  in 
shallow  yachts  freeboard  becomes  an  element  in  insuring  safety,  as  it 
largely  assists  in  lengthening  out  the  range  of  stability,  as  will  hereafter 
be  shown. 

The  draught  of  water  of  cruising  yachts  is  limited  to  the  requirements 
of  coasting,  and  whilst  a  yacht,  say  of  60ft.  on  the  load  line,  can  have 
a  draught  of  lift.,  a  yacht  of  double  length  cannot  conveniently  have 
more  than  14ft. 

The  draught  of  water  of  yachts  has  steadily  increased  since  1870, 
but  at  the  same  time  the  area  of  the  middle  vertical  fore  and  aft  plane 
has  decreased.  Thus  in  1876  we  find  a  20-tonner  like  Challenge  47'5ft. 
on  the  water-line,  with  an  extreme  draught  of  8*5ft.,  and  area  of  fore  and  aft 
vertical  plane  of  360  sq.  ft.,  giving  a  mean  draught  (^'g^^;^)  of  7-2ft.  In 
1890  the  Ghost,  20-rater,  46*5ft.  on  the  water  line,  had  an  extreme  draught 
of  9*8ft.  and  a  fore  and  aft  vertical  plane  area  of  300  sq.  ft.,  giving  a  mean 
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draught  of  6*45ft.  only.  In  1894  the  draught  for  the  20-rater8  ranged 
from  10ft.  to  lift. 

In  larger  yachts^  like  Kriemhilda^  QOft.  on  the  water  line^  the 
extremo  draught  was  12*lft.^  and  the  area  of  vertical  fore  and  aft 
plane  847  sq.  ft.^  giving  a  mean  draught  of  10'6ft.  In  the  case  of  an 
85ft.  racing  yacht^  built  in  1887^  the  extreme  draught  is  13ft.,  and  the  area 
of  fore  and  aft  vertical  plane  about  850  sq.  ft.,  giving  a  mean  draught  of 
10ft. 

It  might  have  been  inferred  that  the  draught  would  have  varied  in 
a  ratio  with  the  square  root  of  the  area  of  vertical  fore  and  aft  plane,  but, 
owing  to  the  fact  that  small  yachts  have  a  greater  proportional  draught,  as 
already  described,  this  is  not  the  case.  According  to  present  practice, 
however,  the  draught  varies  pretty  regularly  as  the  Length^  x  -75  for 
cruisers,  and  as  Length  ^  for  racers,  as  set  forth  in  the  table. 


Length 

Bztreme 

Factor 

for 
Badng 
Taohta. 

Extreme 

on 
Water 

•Length*' 

FMtor 
for 

Draught 

Draught 
of 

Line  in 

Orniaen. 

Water  In 

Water 

Feet 

Feet. 

In  Feet 

20 

7-4 

•7 

5-2 

•8 

5-9 

25 

8-5 

•7 

6-0 

•8 

6-8 

30 

9-6 

•7 

6-7 

•8 

7-7 

35 

10-7 

•7 

7-5 

•8 

8-6 

40 

11-7 

•7 

8-2 

•8 

9-3 

45 

12-7 

•7 

8-9 

•8 

10-1 

50 

18-6 

•7 

9-5 

•8 

10-9 

55 

14-5 

•7 

10-3 

•8 

11-6 

60 

15-3 

•7 

10-7 

•8 

12-2 

65 

161 

•7 

11-3 

•8 

12-9 

70 

170 

•7 

11-9 

•8 

13-6 

75 

17-8 

•7 

12-5 

•8 

14-2 

80 

18-6 

•7 

18-0 

•8 

14-9 

85 

19-8 

•7 

13-5 

•8 

154 

90 

20-1 

•7 

141 

•8 

16-0 

95 

20-8 

•69 

14-8 

•8 

16-6 

100 

21-5 

•68 

14-6 

•8 

17-0 

It  must  be  clearly  understood  that  this  is  not  an  attempt  to  set  up  an 
arbitrary  value  for  draught  in  yachts  of  varied  proportions  and  sizes.  But 
the  formula  being  the  outcome  of  the  examination  of  many  yachts  of  different 
sizes,  gives  approximately  the  appropriate  draught  of  water  a  vessel  should 
have  according  to  existing  fashion,  unless  the  draught  is  controlled  by 
some  arbitary  considerations. 

Neither  has  the  rule  any  scientific  pretensions,  as  it  is  not  based  upon 
any  mathematical  investigation,  but  simply  gives  results  agreeable  to 
present  practice,  which  practice  is  the  latest  step  in  the  progressive  stages 

*  The  §  power  is  the  cube  root  of  the  square  of  the  nnmber,  or  the  oabe  root  squared 
For  mstanoe,  the  onbe  root  of  27  is  3,  and  the  square  of  3  is  9,  henoe  9  is  the  §  power  of  27. 
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the  proportions  of  yachts  have  passed  through;  conseqaentlj^  in  the  course 
of  time^  such  a  rule  may  be  found  to  be  at  variance  with  practice. 


TABLE  SHOWING  HOW  THE  NEW  RATING  AFFECTS  EXISTING  YACHTS- 


Ntnifl. 


Y.B.A. 
Battng. 


L  +  B  +  -75  G  +  -6  -v/gA. 


Totftk 


Draoght 


Satanita 

Galluna 

iTema    

Irex     

Bine  Book 

Silver  Star    ...., 

Annaaona 

Thalia    

LaiB    

Deerhonnd    

Creole    

Queen  Mab    

Yamiia  

Carina    

Corsair  

Vendetta    

Inyoni    

Stephanie 

Chiqnita    

Deirdre 

Asphodel   

Zinita 

Lnna 

Thelma*    

Lilith 

Kite    

Doris 

Phantom    

Dora*    

Deoinia      

Bosetta 

Daoia 

Flat  Fish  

BedLanoer  

Flenr-de-Lis 

Delanagh  

Natica   

WindfaU    

Papoose 

Fangh-a-Balla^h 

The  Babe  

Kismet  

"ffi^mmiTig'  Bird., 

Mystery     

Bnlbnl    

Dolphin 

Ferida    

Gareth   

Wolfhonnd    

Fay 

Saoharissa 

Estrella 

Bed  BoTer 

Tip  Cat 


164 
UO 
118 
98 
62 
59 
42 
40 
40 
40 
40 
40 
40 
40 
40 
40 
20 


20 

20 

20 

20 

20 

10 

10 

10 

10 

10 

10 

10 

5 

5 

5 

5 

5 

5 

5 

2-5 

2-5 

2-5 

2-5 

2-5 

2-5 

2*5 

2-5 

2-5 

6 


,97-80 
8400 
8400 
8400 
64-50 
66-OQ 
64-20 
5910 
60-00 
58-80 
59-50 
59-70 
5900 
6000 
58-70 
60-40 
43-60 
46-53 
45-50 
47-00 
45-50 
4610 
45-60 
45-70 
36-00 
3610 
83-50 
3500 
35-40 
3610 
34-90 
85-00 
32-00 
30-90 
31-70 
31-50 
32-50 
32-80 
26-70 
27-40 
26-80 
24-20 
25-70 
26-10 
25-40 
2610 
27-50 
28-90 
19-14 
20-50 
19-50 
19-40 
20-00 
20-00 


24-5 
24*4 
190 
15-0 
17-5 
11-50 
11-9 
140 
17-0 
13-5 
13-2 
16-3 
14-6 
15-75^ 
14-50 
1700 
1310 
12-25 
10-91 
12-80 
1285 
13-10 
1300 
13-50 
10-60 
8*60 
6-20 
7-92 
10-20 
9-91 
10-50 
8-20 
10-00 
9-40 
9-00 
8-60 
8-62 
7-80 
7-25 
6-92 
6-75 
712 
7-41 
7-40 
6-50 
7-50 
7-00 
6-90 
7-30 
7-16 
5-66 
5-29 
5-66 
600 


29-61 
300 
240 
23-0 
24-2 
20-25 
18-40 
2110 
22-0 
19-9 
20-4 
19-30 
21-60 
2300 
21-40 
23-55 
20-00 
21-00 
16-43 
19-50 
18-10 
16-80 
18-70 
21*40 
1500 
13-60 
11-70 
13*70 
15-20 
15*18 
18-60 
14-9 
17*31 
11-20 
14-60 
16*20 
13-70 
13*43 
12-09 
1112 
10-50 
14-55 
10-68 
13-60 
9-90 
11*10 
12-90 
13-30 
12*44 
1200 
10-43 
8*81 
9*00 
10-62 


51*18 
500 
45-98 
41*77 
3800 
3604 
31-10 
31*8 
31-6 
31-98 
31*75 
31-70 
31-88 
31-60 
32-00 
81-50 
26*2 
25-33 
25-60 
25-26 
25-67 
25-50 
25-60 
25-60 
20-40 
20-30 
21-20 
20-70 
20-60 
20-40 
20-70 
14*60 
15-33 
15-50 
15-30 
15*40 
15-2 
15*27 
11*71 
11-64 
11*65 
1205 
11*90 
11*90 
121 
11-82 
11*70 
11*60 
8-85 
8-58 
8-44 
8-80 
8-65 
7-79 


203*09 

188-4 

172-98 

163-77 

144-20 

138*79 

125-6 

126*0 

130*6 

124*18 

124*85 

127*00 

127*08 

130-35 

126-60 

132-45 

102-90 

105-11 

98H4 

104-56 

101-62 

101*50 

102*90 

106-20 

82*00 

78-60 

72*60 

77*32 

81-40 

81*59 

84*70 

72-7 

74*64 

67-00 

70*60 

71-70 

70-02 

69-30 

57-75 

5708 

55-70 

57*92 

55*69 

590 

53-9 

56-52 

5910 

60-70 

47-73 

48*24 

44-03 

42-30 

43-31 

44-41 


16    3 
14    5 


13 
13 
12 
11 
10 
12 


11     6 
11     6 


12 

10 


18  3 

12  9 

13  3 
11  9 


9 

11 

9 


11     3 
9  lOl 
9    1 


9 
13 

7 
8 
7 
8 


10  6 

8  6 

8  Sk 

8  3i 

7  6 

6  5 

6  6i 

7  0 


6    7i 

5  11 

6  9 

5  lOi 

6  ek 

6    2i 

5  9 

6  11 
6    8^ 

5  n 


*  Centre-board.    Thelma's  draught  without  centre-board  is  8ft.  7in. 


CHAPTER   ni. 

PROPORTIONS,  FORM,  WEIGHT,  AND  BALLASTING 
OF  YACHTS   AND  STABILITY. 


The  weight  of  water  which  a  yacht  or  vessel  of  any  kind  displaces  is 
eqnal  to  her  own  weight,  and  consequently  the  pressure  of  the  water  on 
the  immersed  vessel  is  equal  to  her  own  weight.  This  pressure  is  diffused 
all  over  the  immersed  part  of  the  hull,  and  the  pressure  of  any  individual 
particle  of  water  on  the  hull  is  in  a  direction  at  right  angles  to  the  point  of 
contact.  The  concentrated  pressure,  or  the  resultant  of  the  pressure,  on 
the  immersed  portion  of  the  hull,  acts  vertically  in  a  line  produced 
through  the  centre  of  buoyancy;  and,  as  before  said,  this  pressure  is 
equal  to  the  weight  of  the  ship.  Thus  there  are  two  equal  forces  acting 
in  opposition  to  each  other,  and  balancing  each  other — ^the  weight  of  the 


Fia.  12. 

displaced  water  pushing  upwards  through  the  centre  of  buoyancy,  and  the 
weight  of  the  ship  pushing  downwards  through  its  centre  of  gravity ; 
and  these  two  forces  never  act  in  any  other  than  a  vertical  direction. 

The  centre  of  gravity  of  a  yacht  or  ship  is  a  determinable  point,  where 
the  action  of  all  her  weights  is  concentrated;  therefore  it  is  sometimes 
called,  in  relation  to  ships,  "the  centre  of  gravity  of  the  whole  mass." 
The  ''whole  mass"  includes  the  hull,  ballast,  spars,  sails,  fittings,  crew, 
stores,  and  everything  which  the  ship  or  yacht  contains  that  is  of  any 
weight  at  all.  If  on  a  plank  A  (Fig.  12)  a  number  of  weights,  a  aa  a,  &c., 
be  placed  at  any  irregular  or  equal  intervals,  and  the  plank  be  made  to 
balance  on  a  pointed  stake  at  E,  then  £  will  be  the  common  centre  of 
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gravity  of  the  plank  and  all  the  weights  placed  upon  it.  Thus  the  exact 
position  of  the  centre  of  gravity  of  a  ship  depends  upon  the  disposition  of 
her  weights — ^no  matter  whether  these  weights  be  timbers,  keel^  plank^ 
ballast,  spars,  rigging,  sails,  crew,  stores,  or  anything  else  that  is  of 
weight — and  it  follows  in  a  ship  that,  if  the  weights  are  placed  further 
forward,  the  centre  of  gravity  will  be  shifted  forward,  and  the  contrary  if 
the  weights  be  shifted  aft.  In  a  like  manner,  if  the  weight  of  the  masts, 
sails,  or  gear  be  increased,  the  centre  of  gravity,  with  regard  to  its  vertical 
position,  will  be  brought  higher;  on  the  other  hand,  if  the  ballast  be 
increased  in  weight,  or  if  it  be  stowed  deeper  in  the  hnll,  or  if  the  lead 
keel  be  lowered,  the  centre  of  gravity,  with  regard  to  its  vertical  position, 
will  be  carried  lower. 

Thus  we  have  two  distinct,  but  balanced,  forces — the  weight  of  the 
water  the  ship  displaces  acting  npwards  through  the  centre  of  buoyancy,  k 
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(Fig.  13),  and  the  weight  of  the  ship  acting  downwards  through  o,  its  centre 
of  gravity. 

A  necessary  condition  for  the  ship  to  be  in  equilibrium  is  that  the 
resultant  of  the  two  forces,  represented  by  the  weight  of  the  ship  acting 
through  0,  and  the  weight  of  the  water  she  displaces,  acting  through  Je, 
should  have  effect  in  the  same  vertical  line.     (See  a  a.  Fig.  13.) 

If  the  direction  of  action  of  either  be  shifted,  a  stru^le  will  instantly 
commence  to  regain  a  position  where  they  will  balance  each  other  again, 
or  act  in  the  same  vertical  line.  For  instance,  let  a  portion  of  a  yacht's 
ballast  or  other  weight  be  shifted  forward  until  her  centre  of  gravity  is 
shifted  from  o  to  «,  Fig.  13,  then  the  yacht  will  sink  down  by  the  head  until 
the  two  forces  are  directly  over  each  other  again,  as  8  A;^,  in  the  vertical 
line  b  b,  Fig.  14,  and  where  two  lines  a  a  and  b  b  cut  each  other  at  M  is 
termed  the  metacentre,  or  for  fore  and  aft  motion  the  longitudinal  meta- 
centre. 


Fore  and  Aft  Motion  Among  Waves. 
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Now  if  the  centre  of  buoyancy  had  been  carried  to  k^  by  the  vessel 
being  hove  down  by  the  head  otherwise  than  by  having  a  portion  of  her 
ballast  or  weight  moved  forward^  such,  for  instance,  as  by  a  pressure  of 
wind  on  her  sails,  she  would  instantly  regain  the  position  depicted  in  Fig.  13 
upon  the  removal  of  the  force  or  pressure  which  had  hove  her  down. 
This  effect  that  brings  a  vessel  back  to  her  original  condition  of  equilibrium 
is  called  her  righting  power,  or  statical  stability;  and  for  the  motion  we 
have  described  would  be  termed  her  longitudinal  statical  stability.  When 
a  vessel  is  placed  among  waves,  the  centre  of  buoyancy  is  continuously 
carried  forward  or  aft,  as  she  is  differently  water-borne  by  the  passing 
waves.  A  constant  struggle  is  thereby  maintained  between  the  centre  of 
gravity  of  the  vessel  and  her  centre  of  buoyancy  to  keep  in  the  same 
vertical  line  a  a,  and  an  uneasy  violent  motion  is  acquired,  the  force  of 
which,  to  some  extent,  is  dependent  upon  the  urgency  of  the  righting  power. 
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A  vessel  with  her  weights  or  ballast  stowed  low  will  have  this  righting 
power  in  a  greater  degree  than  one  with  her  weights  stowed  high ;  and  she 
will  be  relatively  quick  in  "  recovering  herself .''  So  also  will  be  a  vessel 
that  is  very  full  on  the  load  water-line,  and  very  much  cut  away  under- 
neath; whereas  a  vessel  with  what  is  known  as  a  long  body  will  be 
comparatively  easy  in  her  motions  during  similar  wave  disturbance.  The 
pitching  and  'scending  motions  of  vessels  form  a  very  complex  problem, 
and  are  by  no  means  wholly  dependent  on  the  conditions  just  adverted  to. 
For  instance,  the  momemtum  acquired  during  pitching,  whilst  the  bow  is 
left  unsupported  by  the  water,  or  ^scending,  whilst  the  stem  is  without 
support,  may  be  much  increased  by  the  distribution  of  the  weights  or 
ballast  in  a  fore-and-aft  direction,  as  the  radius  of  gyration  would  be 
thereby  lengthened;  at  the  same  time  a  vessel's  quickness  in  recovering 
herself  after  pitching  would  be  decreased  and  she  might  ship  much  water ; 
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bat  the  influence  on  these  motions^  which  any  particular  condition  of  a 
vessel  may  haye,  can  only  be  determined  in  a  general  kind  of  way^  and  are 
not  amenable  to  any  precise  calculation.  This  subject  will  be  further  dealt 
with  in  a  subsequent  chapter. 

Hitherto  reference  has  only  been  made  to  the  longifcudinal  or  fore-and- 
aft  motions  of  a  yessel,  but  as  a  yacht's  righting  power  or  stability  is 
generally  spoken  of  in  connection  with  her  heeling  or  rolling,  it  will  be 
best  to  illustrate  it  in  connection  with  these  transverse  motions. 

Fig.  15  is  a  representation  of  a  transverse  section  of  a  vessel  supposed 
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to  be  heeled  to,  say  20°.  E  is  her  centre  of  buoyancy  in  an  upright 
position,  and  F  her  centre  of  gravity.  Upon  being  heeled  or  inclined,  the 
centre  of  buoyancy,  owing  to  the  irregular  shape  of  the  vessel,  shifts  to 
some  point,  as  E^.  As  the  centre  of  buoyancy  bas  been  shifted  to  E*,  the 
resultant  of  the  water  pressure  no  longer  acts  through  E,  but  through  E^  ; 
and  it  must  be  remembered  that  this  resultant  always  acts  vertically,  or  at 
right  angles  to  the  water-level.  The  resultant  of  the  force  represented 
by  the  weight  of  the  ship  continues  to  act  vertically  downwards  through 
her  centre  of  gravity  F,  that  being  the  point  it  would  act  through  if  the 
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vessel  had  not  been  heeled ;  and  it  is  assumed  that  no  part  of  the  weight 
of  the  ship  has  been  shifted,  so  as  to  cause  her  centre  of  gravity  to  shift. 

The  wedgfe-shaped  piece  of  the  hull  A  B  0  is  called  the  wedge  of 
immersion  ;  and  the  wedge-shape  piece  0  C  D  the  wedge  of  emersion.  By 
naval  architects  they  are  usaally  referred  to  as  the  '^  in "  and  the  *'  out  '* 
wedges.  Owing  to  the  volume  of  displacement  on  the  immersed  side  of 
the  middle  vertical  line  gradually  increasing  in  bulk,  whilst  the  emersed 
side  is  decreasing  as  the  vessel  becomes  inclined,  the  centre  of  buoyancy 
shifte  over  to  leeward,  and  so  the  couple  x  G  (Fig.  15)  is  formed.  The 
first  resistance  to  inclination  is  usually  referred  to  as  initial  stability^  a 
quality  which  broad  and  shallow  vessels  have  in  excess. 

In  saying  that  the  volume  of  displacement  on  the  immersed  side 
increases  in  bulk  as  the  vessel  becomes  inclined,  whilst  the  part  on  the  f 

emersed  side  decreases,  it  must  not  be  supposed  that  the  displacement  is 
increased  in  proportion  to  the  excess  on  the  immersed  side.  The  displace- 
ment always  remains  exactly  the  same  as  the  weight  of  the  vessel ;  but  if  the 
volume  of  immersion  be  in  excess  of  the  volume  taken  out,  then  the  vessel 
shifts  or  rises  bodily  in  the  water,  to  an  extent  which  is  dependent  upon 
the  area  of  the  new  load  water-plane  and  the  excess  in  the  volume  of 
immersion.* 

It  will  be  assumed  that  a  vessel  has  been  heeled  to  an  angle  of  say 
15°  by  some  force  such  as  that  of  the  wind  on  the  sails.  Upon  reference 
to  Pig.  16  (on  the  page  over  leaf)  let  L.W.L.  be  the  load  water-line  of  the 
upright  position;  then  upon  the  heeUng  of  the  vessel  the  wedge-shaped 
piece  A  B  O  is  put  into  the  water,  and  the  piece  C  D  O  taken  out.  If  the 
cross  sections  of  the  vessel  were  circular  in  form,  the  wedges  ABO  and 
C  D  O  would  be  exactly  equal;  but  as  the  cross  sections  are  of  an  irregular 
form  the  wedge  of  immersion,  represented  by  A  B  0,  is  apparently  in 
excess  of  the  wedge  of  emersion  C  D  0.  Now  it  is  obvious  that  the 
displacement  of  a  ship  (always  equal  to  her  weight)  cannot  be  added  to  by 
simple  inclination,  and  therefore  in  reality  the  wedges  of  immersion  and 
emersion  are  equal.  To  make  them  equal  for  the  purpose  of  calculation 
of  stability  at  small  angles  of  heel  a  line  shown  by  the  ticked  line  a  a 

*  A  jaoht  when  sailing  through  the  water  at  great  speed  may  apparently,  and  does  aotaally, 
sink  below  the  g«neral  water  level  owing  to  the  large  hollow  wave  amidships ;  bnt  the  orests  of 
the  bow  and  stem  wares  to  a  large  extent  balance  the  hollow  amidships,  and  were  it  not  for  this, 
there  might  be  a  seriotis  deficiency  in  stability.    Beyond  this  the  motion  of  the  vessel  through  the  ^^^ 

water  would  influence  stability :  and,  again,  it  would  also  influence  heeling  force,  or  wind  current  ) 

applied  to  the  sails.     This  matter  is  discussed  by  Mr.  V7.  H.  V^Thite  in  his  "  Manual  of  Naval         ^     ' 
Architecture ; ''  and  he  suggested  that  ezperimenta  should   be  tried  with   yachts  as  to  their 
stability  when  moving  through  water,  and  the  heeling  effect  of  the  wind  when  applied  at  various 
angles.     The  same  idea  occurred  to  the  author,  but  the  difficulties  in  the  way  appear  insur- 
mountable. 


/' 
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(Fig.  16)  is  drawn^  and  then  the  volume  of  the  immersed  and  emersed 
wedges  represented  hj  A  B  b  and  G  J)  b  are  calculated.  It  is  quite 
possible  that  two  or  three  lines  will  have  to  be  tried  before  the  wedges  are 
found  equals  but  the  distance  O  b,  the  point  of  intersection  of  the  load 
water-line  of  the  upright  position  with  the  ^'  trial "  line  of  the  inclined 
positions^  can  be  assumed  to  be  0  b  =  0*25ft.  x  degrees  of  angle  of  heel. 
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When  heeled,  as  previously  explained,  the  centre  of  buoyancy,  B, 
shifts  to  some  point,  E*,  and  this  point  can  be  determined  thus :  Let  e  be 
the  centre  of  gravity  of  the  wedge  of  immersion,  and  d  the  centre  of 
gravity  of  the  wedge  of  emersion,  both  wedges  being  equal;  then  the 
distance  c  d  multiplied  by  the  volume  of  the  wedge,  and  divided  by 
the  whole  displacement  of  the  vessel,  will  give  the  distance  the  centre 
of  buoyancy  has  shifted,  E*. 

c  d  X  Yolnme  of  wedge. 
Displacement. 


E?« 


Prom  the  original  centre  of  buoyancy  the  distance  found,  as  explained 
and  represented  by  E  E*  (Pig.  16),  must  be  drawn  parallel  to  dc;  then 
the  upward  pressure  of  the  water  will  act  through  E*  in  the  direction  of  E*  M, 
at  right  angles  to  the  line  A  D,  or  surface  of  water.     The  force  repre- 
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sented  by  the  weight  of  the  ship  will  act  downwards^  through  the  centre 
of  gravity^  F^  at  right  angles  to  A  D  in  the  direction  of  the  line  and  arrow 
F  H.  From  the  original  centre  of  buoyancy  produce  E  G  at  right  angles 
to  E'  M^  and  parallel  to  A  D.  This  line  will  intersect  F  H  at  a;^  and 
the  distance  represented  by  aj  6  =  F  K  will  be  the  length  of  the  righting 
lever,  which,  multiplied  by  the  displacement  in  tons,  will  be  equal  to  the 
righting  moment  in  foot  tons. 

If  the  centre  of  gravity  were  still  at  E  (the  original  centre  of 
buoyancy),  it  is  plain  that  the  length  of  the  lever  would  be  B  G 
instead  of  a;  G ;  therefore^  inasmuch  as  the  centre  of  gravity  lies  above 
E,  the  righting  moment  is  less  £  G  by  the  quantity  represented  by  E  a; ; 
or  the  righting  moment  is  E  G  x  displacement  in  tons  —  E  ar  x  displace- 
ment in  tons  =  a;  G  x  displacement  in  tons. 

The  intersection  at  M  is  the  metacentre,**^  and  is  the  point  where  the 
middle  line  of  the  vessel  when  in  an  upright  position  is  cut  by  the 
line  produced  through  •the  new  centre  of  buoyancy,  E*,  of  the  inclined 
position.  In  a  vessel  of  cylindrical  form  the  metacentre  M  is  a  fixed 
point;  in  other  cases  it  shifts  according  to  the  form  and  inclination  of 
the  vessel.  The  proper  term,  therefore,  is  shifting  metacentre  for 
ordinarily  shaped  vessels;  however,  in  most  vessels  the  amount  of  its 
shifting  is  immaterially  small  for  angles  of  inclination  up  to  10°;  for 
such  inclinations  the  metacentre  is  assumed  to  be  a  fixed  point,  and  a 
common  expression  for  the  righting  moment  at  any  small  angle  of  heel 
is  the  height  the  metacentre  is  above  the  centre  of  gravity  (or  the  distance 
F  M)  multiplied  by  the  displacement  in  tons,  multiplied  by  the  sine  of 
the  angle  of  heel.  Righting  moment  in  foot  tons  =  F  M  x  displace- 
ment x  sine  0.  The  height  of  the  shifting  metacentre  above  the  centre 
of  buoyancy  E*  (see  Fig.  12). 

J  d  c  X  Yolnme  of  wedge. 

Displaoement  x  sine  $  heel. 

The  distance  the  centre  of  buojrancy  B  has  shifted  from  Ea  is  thus  found 

.    c  d  X  Yolnme  wedge. 

E  E^^ — -~ — ; 

Displaoement. 

The  mean  volume  of  the  two  wedges  is  used,  that  is  to  say,  the 
volume  of  one  wedge  is,  say,  713  cubic  feet,  and  that  of  the  other 
719  cubic  feet,  the  mean  of  these  two  would  be  721  cubic  feet,  which 
would  be  the  quantity  used  in  the  calculation. 

*  The  kflig^  of  H  aboTe  the  oentre  of  buoyanoy  is  determined  by  cubing  the  ordiaates  of 
the  Jj.WJl*.  in  the  half-breadfh  plan  and  dividing  the  sum  by  the  displaoement  in  oubio  feet ; 
hence  adding  to  the  displaoement  without  increasing  the  breadth  at  the  L.W.L.  will  decrease  the 
metaoentrio  height.    This  will  appear  in  the  calonlatlons  farther  on. 


30 


Yacht  Architecture. 


The  distance  E  E^  is  set  off  from  E  parallel  to  the  line  c  d. 
However,  in  order  to  find  the  length  of  the  righting  lever  x  G  (Pigs. 
11  and  12)  it  is  not  essential  to  know  the  position  of  E^,  but  only  the 
direction  of  the  line  through  E'  M  at  any  angle  of  keel,  and  this  will  be 
demonstrated  in  the  examples  of  the  method  used  in  calculating  the  centres 
of  the  wedges  given  further  on. 

The  righting  moment  or  power  is  computed  by  multiplying  the  weight 
of  the  ship,  or  displacement  in  tons,  by  the  length  of  the  righting  lever  x  G 
(Pigs.  11  and  12).  That  is,  if  the  weight  of  the  ship  or  her  displacement 
be  40  tons,  and  the  length  of  the  righting  bver  at  20^  inclination  be 
2ft.,  then  her  righting  power  or  moment  of  stability  at  that  inclination 
will  be  40  X  2  =^  80  foot-tons.  If  the  righting  moment  of  a  yacht  at 
20^  inclination  be  equal  to  80  foot-tons,  as  described,  then  it  will  require  a 
steady  moment  equal  to  80  foot-tons  upon  her  canvas  to  maintain  her  at 
that  inclination. 

If  the  height  the  point  M  (termed  the  metacentre)  above  the  centre 
of  gravity,  G,  be  known  for  a  small  angle  of  heel,  the  length  of  the.  righting 
lever  x  G  can  be  calculated  by  the  following  equation :  M  6  x  sine  of 
angle  of  heel.     See  example  farther  on. 

It  is  quite  a  common  thing  to  hear  a  person  say  that  this,  that,  or  the 
other  vessel  has  "great  artificial,  but  very  little  natural  or  structural 
stability,"  as  if  there  were  various  kinds  of  stability.     This  confused  way 
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of  regarding  stability  is  very  likely  to  prevent  a  clear  understanding  of 
the  conditions  on  which  stability  depends,  and  it  must  be  understood  that 
there  are  no  such  things  as  ''  artificial  stability ''  or  "  natural  stability  *'  or 
"  structural  stability  "  or  ''  stability  of  form  "  as  distinct  qualities. 

It  may  be  assumed  that  a  homogeneous  substance  is  placed  in  a 
fluid,  or  that  a  portion  of  a  fluid  is  turned  into  a  solid,  maintaining  its 
inherent  bulk,  weight,  and  uniform  specific  gravity ;  then  such  a  substance 
or  solid  would  rest  in  whatever  position  it  were  placed.     Let  A  (Pig.  17) 
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be  snch  a  substance ;  then  its  centre  of  buoyancy  and  centre  of  gravity  must 
necessarily  be  at  the  same  point,  h ;  and,  as  the  resaltant  of  these  two 
forces  acts  in  the  vertical  line  a  a,  the  body  will  be  in  equilibrium  if  placed 
in  the  position — ^which  may  be  assumed  as  its  natural  one — A.  But  A 
will  be  in  equilibrium  in  any  other  position ;  for  instance,  in  that  shown 
by  B,  as  the  two  forces  still  act  in  the  same  vertical  line  through  h,  as 
shown  by  b  b.  It  is  thus  evident  that  such  a  substance  or  solid  has  no 
stability  whatever. 

Now  the  eqailibrium  can  be  made  stable  by  shifting  the  point  through 
which  the  centre  of  gravity  acts.  Assume  that  the  specific  gravity  of  the 
solid  B,  is  made  unequal,  so  that  it  becomes  denser  or  heavier  about  p 
(see  C) ;  it  is  apparent  that  on  such  a  change  the  centre  of  gravity  would 
be  shifted  to  some  point,  g,  and  the  forces  would  no  longer  be  acting  in 
the  same  vertical  line.  The  resultant  of  the  buoyant  pressure  of  the 
water  would  act  upwards  in  the  line  a  a  through  k ;  and  the  resultant  of 
the  weight  of  the  body  would  act  downwards  in  the  line  b  b  through  g. 
The  horizontal  distance  between  the  two  lines  a  a  and  b  b  would  be  the 
couple  upon  which  the  two  forces  acted,  until  the  solid  got  into  the 
position  D,  where  the  two  forces  would  act  in  the  same  vertical  line 
a  a.  The  equilibrium  of  a  solid  such  as  D  floating  would  be  stable,  if, 
upon  being  inclined  from  its  original  position  until  in  the  position  C,  it 
had  the  power  to  regain  the  position  D. 

It  has  been  proved  that  "form"  of  itself  has  no  stability,  and  it 
remains  to  be  shown  how  the  variaoleness  of  form  in  a  partially  immersed 
body  can  create  a  stable  condition  of  equilibrium.     Let  it  be  assumed  that 


the  solid  A  has  an  addition  made  to  it,  as  illustrated  in  E  (Fig.  18)  by 
w  X  y  z.  The  bulk  will  be  increased,  but  the  weight  is  to  remain  exactly 
the  same,  with  the  centre  of  gravity  still  at  k.  The  body  will  rise  in  the 
water  until  in  the  position  P,  so  that  a  pai-t  remains  immersed  still  equal  in 
bulk  to  A.      Owing  to  the  altered  form  of  the  immersed  part  of  the  solid. 
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the  centre  of  buoyancy  has  shifted  to  some  point  m,  but  the  centre  of 
gravity  remains  at  4.  Now  the  resultant  or  buoyant  pressure  of  the 
water  in  the  line  a  a  no  longer  acts  through  k,  but  through  m,  whilst 
the  weight  of  the  solid  still  acts  through  the  centre  of  gravity^  k,  in 
the  line  b  b.  It  is  quite  plain  that  the  solid  could  not  remain  in.  the 
position  F>  but  would  take  the  original  position  of  A^  as  shown  by  Q, 
with  the  forces  of  buoyancy  and  gravity  acting  in  the  same  vertical 
line  a  a. 

The  manner  in  which  variations  in  form  affects  the  stability  of  vessels 
can  be  illustrated  in  this  way;  if  a  vessel  with  such  a  section  as  that 
portrayed  in  Fig.  19  were  filled  out  in  the  garboards  at  O  O  just  above  the 
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keel^  it  is  plain  that  the  centre  of  buoyancy  (B)  would  be  lowered^  and  the 
point  M  would  be  brought  nearer  the  centre  of  gravity  (G) ;  therefore 
the  arm  of  the  righting  lever  G  Z  would  be  shortened ;  or  in  simple  words 
the  additional  buoyancy  placed  at  0  0  would  be  so  much  upsetting  power. 
But  in  the  case  of  a  yacht  the  added  displacement  about  0  O  would  be 
utilised  for  the  stowage  of  additional  ballast ;  and  by  this  means  the  centre 
of  gravity  (G)  would  be  brought  lower ;  so  that  it  is  quite  possible  that  the 
original  distance  between  G  and  Z  would  be  maintained. 

The  effect  of  increasing  the  height  of  the  centre  of  buoyancy  relative 
to  the  surface  of  the  water  can  be  illustrated  in  this  way.  Assume  that  the 
displacement^  or  rather  the  hull,  is  cut  away  at  the  garboards  as  shown  at 
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P  P  and  added  to  the  hull  near  the  load  water-line,  as  at  R  R,  then  the 
centre  of  buoyancy  would  be  higher,  and  upon  inclination  of  the  vessel 
would  shift  out  farther  to  leeward  than  shown  by  B',  so  that  the  distance 
G  Z  would  be  increased,  always  supposing  G  to  be  kept  in  its  original 
position  by  shifting  the  weights  lower,  such  as  could  be  done  by  putting 
additional  weight  on  the  keel.  If  the  centre  of  gravity  could  be  brought 
to  K,  and  with  the  centre  of  buoyancy  at  B,  the  length  of  the  righting 
lever  would  be  K  L.  As  a  matter  of  fact,  however,  until  the  introduction 
of  lead  keels  the  centre  of  gravity  was  seldom  found  below  the  centre  of 
buoyancy. 

In  considering  stability  it  is  necessary  to  understand  its  influence 
at  extreme  angles  of  heel  to  prevent  capsizing;  this  influence  is  dependent 
upon  what  is  termed  the  "  range  of  stability." 

By  '^  range  "  is  meant  the  angular  distance  through  which  a  vessel  can 
be  heeled  before  she  loses  all  righting  power,  or  arrives  at  the  vanishing 
point  of  her  stability,  when  she  would  capsize. 

The  range  will  be  better  understood  if  graphically  shown  by  a  curve 
which  shows  the  righting  power  at  all  angles  of  heel.     (See  Fig.  20.) 


Fio.  20. 

The  distances  a  h,  t  dy  p  s,  represent  the  righting  power  of  a  vessel, 
when  heeled  at  various  angles,  as  19°,  20°,  30°,  &c.;  then  the  curved  line 
a  or  B  passing  through  the  spots  at  the  termination  of  the  distances  (as  at 
a,  ty  fy  &c.)  are  the  ^'  curves  of  stability .'*  The  curve  A  represents  the 
curve  of  stability  of  an  English  yacht  of  the  deep  type,  and  it  will  be  seen 
that  the  righting  power  is  greatest  when  the  vessel  is  heeled  to  50° ;  this 
would  be  termed  the  vessel's  maximum  stability.  The  curve  B  represents 
the  curve  of  stability  of  a  vessel  of  equal  length,  but  of  greater  beam,  and 
much  less  depth  and  weight.  It  will  be  seen  that  this  vessel  has  the 
greatest  righting  power  at  30°  inclination;  this  is  the  shallow  vessel's 
maximum  stability. 

Now,  it  is  this  ^eater  stiffness  at  initial  angles  of  heel  which,  whilst 
it  is  of  the  utmost  advantage  for  speed,  forms  the  element  of  danger  in 
shallow  vessels.  It  can  be  supposed  that  a  vessel,  B,  is  sailing  at  an 
angle  of  15°,  and  that  a  sudden   acceleration  of  wind  force   heeled   her 
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to  30°,  the  point  where  her  maximam  stability  would  be  reached ;  then,  if 
the  wind  force  were  not  instantly  removed  the  vessel  would  increase  her 
heel  if  she  got  the  least  beyond  the  30°  until  she  finally  lost  all  stability, 
or  righting  power,  at  80°  and  capsized.     But  if  a  similar  force  were  applied 
to  a  vessel  with  a  curve  of  stability  like  A,  when  she  reached  30°  inclina- 
tion there  she  would  remain,  and  it  would  take  a  very  large  increase  of 
wind  to  carry  her  to  50°,  the  point  where  her  maximum  stability  would  be 
reached ;  and  even  then  there  need  be  little  danger  of  capsizing,  as  the 
decrease  in  the  length  of  the  righting  lever  is  so  slow,  that  at  90°  there  is 
nearly  as  much  righting  power  as  the  shallow  boat  has  at  30°.      As  a 
matter  of  fact,  no  wind  force   could  lay  a  yacht,  with  such  a  curve  of 
stability  as  represented  by  A,  flat  on  her  beam  ends,  inasmuch  as  long 
before  she  reached  90°  the  wind  would  have  lost  nearly  all   its   eflfect 
upon  the  sails.     The  fact  must,  however,  not  be  overlooked,  that  wind 
currents  often  come  in  a  diagonal,  or  even  in  a  vertical,  direction ;  and 
a  yacht  might  be  hove  down  by  such  currents  as  these  and  fill,  or  the 
ballast  shift  so  that  she  would  not  right ;  but  such  an  event  is  a  far-off 
contingency,  and  could  not  very  well  happen  to  a  yacht  with  a  crew  on 
board  to  handle  her.     The  cnrve  A  no  doubt  accurately  represents  the 
curve  of  stability  of  some  broad  and  shallow  American  yachts  prone  to 
capsize.     Such  a  yacht  was  the  Mohawk  schooner,  which  was  capsized 
in  a  squall  whilst  at  anchor  off  Staten  Island  in  187^  and  the  Grayling, 
which   was  capsized   in   a  squall,  whilst  sailing    off  the  wind    in  1883. 
The  latter  schooner  is  81ft.  on  the  load-line,  23ft.  beam,  and  6ft.  draught. 
After  her  deck  became  submerged,  with  main  boom  in  the  water,  and  head 
sheets  flat  in,  she  appears  to  have  lost  way  and  would  not  answer  the  helm 
whether  it  was  put  down  or  up ;  consequently  she  could  neither  be  got 
into  the  wind  nor  before  it.     She  continued  to  settle  over  very  fast  until 
on  her  beam  ends,  where  she  rested  for  twenty  minutes,  gradually  sinking 
as  the  water  forced  its  way  through  the  hatches,  skylights,  &c.      The 
Mohawk   was  a  larger  vessel    than  the   Grayling,   being   130ft.  on  the 
water-line,  30ft.  beam,  and   7ft.  draught   of  water.     The  circumstances 
attending  her  capsizing  also  differ  somewhat  from  those  in  the  Grayling 
accident.     The  vessel  was  at  anchor,  and,  no  doubt,  from  this  cause  felt 
the  force  of  the  squall   more  severely.      Her  maximum   stability  would 
be  reached  say  at  30°,  and  then  the  squall  that  put  her  over  so  far  would 
take  her  to  the  vanishing  point  in  less  time  than  it  takes  to  write   it. 
But  it  is  quite  possible   that  the  Mohawk  would  not  have  gone   clean, 
over  on  her  beam  ends  if  her  ballast  and  heavy  cabin  furniture  had  not 
shifted,  inasmuch  as  when  she  got  to    60°   the  wind    must  have  had 
decreased  effect  on  the  sails ;  and,  as  the  squall  passed  over  very  quickly^ 
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the  Mohawk  might  have  righted  but  for  the  reason  stated.     However, 

beyond    the    accident  of    the    ballast  and  heavy  furniture  shifting^  the 

Mohawk  was  subject  to  another  condition,  which  rendered  her  righting 

quite  impossible  :  she  had  a  very  large  "  well "  or  cockpit  aft,  into  which 

the  main  cabin  opened,  and  soon  after  the  deck  became  immersed  the 

water  rushed  into  the  cabin,  and  then,  of  course,  her  chance  of  righting 

was  gone ;  she  sank  very  suddenly,  drowning  her  owner,  his  wife,  and  three 

other  persons,  all  of  whom  were  imprisoned  below  by  the  influx  of  the 

water.     However,  narrow  or  broad  yachts  with  great  draught  of  water  and 

heavy  lead  keels,  such  as  the  Britannia,  Iverna,  Penitent,  or  other  similar 

yachts,   are    in  no   danger,  even  if  hove   down    on  their  beam    ends, 

providing  water  is  not  allowed  to  get  inside  their  hulls.     The  C€ise,  however, 

is  very  different  with  shallow  vessels  which  have  not  deep  lead  keels 

and  with  some  steamers,  which  have  their  centres  of  gravity  high ;  and  it 

is  necessary  for  their  safety  that  they  should  not  be  sailed  very  near  the 

angle  of  heel  where  their  maximum  stability  is  reached.     In  practice,  in 

small  shallow  boats,  this  is  well  understood,  and  the  helmsman  throws  his 

little  craft  in  the  wind  directly  she  is  struck  by  a  squall,  or  lets  go  sheet  or 

halyards,  whichever  comes  readiest  to  hand. 

The  manner  in  which  form  influences  the  range  of  stability  will  be 

shown  farther   on,  illustrated   by  actual   curves  of  stability  of  existing 

yachts ;  but  it  will  be  convenient  here  to  refer  to  some  experiments  made 

with  models  by  the  author  and  Mr.  E.   H.   Bentall  to  obtain  a  general 

knowledge  of  the  effect  of  ballasting  by  lead  keels  on  deep  and  narrow  and 

broad  and  shallow  yachts. 

T.B.A.  Tone. 
No.  1  Model.    Lenifih  on  W.L.    ...   »  49ft.  »  5  Beams  for  length  «  20 

„  „  Extreme  beam  —     9ft.  9|in. 

No.  2  Model.    Length  on  W.L.    ...   »  55ft.  »  7  Beams  for  length  »  18 

„  „  Extreme  beam  »     7ft.l0|in. 

No.  3  Model.    Length  on  W.L.    ...   »  60ft.  »  9  Beams  for  length  »  17 

„  „  Extreme  beam  —     6ft.  Sin. 

In  each  Model  (the  freeboard)  from  W.L.  to  top  of  coTering  board  =    8ft. 

„  „  the  depth  from  W.L.  to  bottom  of  keel «  10ft.  6in. 

,,  „  the  length  of  heeling  lever  from  W.L =  33ft. 

„  „  the  top  of  ballast  from  W.L.    =    7ft.  6in. 

„  ,,  the  displacement     »  81  tons. 

„  leadkeel =  23*1  tons. 

The  models  were  heeled  by  weights  on  deck,  but  before  giving 
the  results  of  the  experiments,  it  will  be  usef  al  to  describe  their  nature. 
Fig.  21  is  a  section  of  a  vessel,  and  her  centre  of  gravity  must  lie  some- 
where in  the  line  V  F  M,  which  is  the  middle  line  of  the  upright  position. 
M  is  the  metacentre  and  F  the  centre  of  gravity  (not  centre  of  buoyancy). 
0  is  a  weight  on  deck,  which  on  being  moved  to  one  side,  say  to  K 
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inclines  the  vessel,  because  the  centre  of  gravity  is  necessarily  moved  when 
the  weight  is  moved.  The  centre  of  gravity  will  move  out  to  some  point, 
at  F^,  parallel  to  the  line  0  K  and  less  than  0  K  as  the  weight  shifted  is 
less  than  the  whole  weight  of  the  vessel.  The  line  F^  M  is  vertical,  and 
the  point  of  intersection  at  M  shows  the  metacentric  height.  The  manner 
of  determining  the  point  will  be  shown  in  the  calculations  further  on. 


Fio.  21. 

The  experiments  were  conducted  as  follows  :  In  Fig.  22  A  is  a  per- 
pendicular erected  above  the  deck,  from  which  a  plumb  line  was  suspended 
at  A  (the  plumb  line  was  a  piece  of  thread  and  a  small  bullet) ;  W  is  a 
weight  of  5oz.  (or  1*93  ton  for  a  full-sized  vessel).  In  the  first  experiment 
W  was  shifted  8ft.  (by  the  scale  ^in.  to  a  foot),  and  the  plumb  deflected 
from  B  to  0  l-94ft.  In  the  second  experiment  the  weight  was  moved 
12ft.,  and  the  plumb  deflected  2*94ft.  to  D.  The  position  of  the 
centre  of  gravity  of  the  yacht  below  the  metacentre  was  then  found 
by  the  formula  MG  =  f^^  J  x  cot.  angle  of  heel. 

MG= height  of  metacentre  above  the  centre  of  gravity. 

W=the  weight  moved. 

k=the  distance  W  was  moved. 

Dsthe  displacement. 

Cot.  =  Y  where  P  =  the  perpendicular  height  from  the  plank  bearing 
the  weight  to  A,  the  point  of  suspension  of  the  plumb ;  and  T  the  hori- 
zontal distance  the  plumb  line  moved. 
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The  caJculations  made  from  these   experiments  gave  the  following 
results  : 

No   1  Model  f  First  experiment,  MQ=4*235ft. 

isecond         „  MQ=4-206ft. 

No.  2  Model       ...  C First  experiment,  MG»3'548ft. 

(Second        „  MG=3-648ft. 

No.  4  Model  (First  experiment,  MG=2*921ft. 

(Second        „  MG«8'113ft. 


The  height  here  given  for  MG  is  greater  than  would  be  found  in 
actual  yachts^  as  the  spars^  sails,  heavy  deck  fittings,  &c.,  were  not 
included.  However,  for  the  purpose  of  comparison  the  results  are 
reliable. 


88  Yaeht  Arehiteeture. 


The  chief  feature  disclosed  by  these  results  is  that^  taking  the 
difference  of  the  metacentric  height  between  No.  1  and  No.  8  models  as 
I'lft.,  the  weight  of  the  ballast  ought  to  have  been  lowered  bodily  l*7ft  to 
have  retained  an  equal  metacentric  height,        J^  hal^T  ~  •^*^^' 

The  breadth,  it  will  be  seen,  had  been  reduced  3ft.,  and  by  lowering  so 
much  of  the  weight  of  displacement  as  was  represented  by  the  lead  keel 
l*5ft.  or  half  the  distance  the  beam  had  been  reduced,  equal  stability  could 
be  maintained,  the  length  being  increased  lift. 

Assuming  that  the  weights  remained  unaltered,  the  effect  of  reducing 
the  beam  and  adding  to  the  length  on  the  sail-carrying  power  can  be  thus 
illustrated : 

A  20-tonner  would  have  2000  square  feet  area  of  lower  sail,  and  the 
centre  of  effort  would  be  about  26ft.  above  the  centre  of  lateral  resistance. 
Lower  sail  could  be  carried  in  a  strong  breeze  equal  to  a  pressure  of  21b. 
per  square  foot.  The  heeling  moment  would  be  found  by  multiplying 
the  sail  area  (S)  by  the  wind  pressure  per  square  foot  (P),  and  by  the 
height  of  the  centre  of  effort  (H)  above  the  centre  of  lateral  resistance. 
S  X  P  X  H  =  heeling  moment  in  foot-pounds  =  104,000. 

The  angle  of  heel  at  which  the  righting  moment  will  balance  the 
heeling  moment  will  be  thus  found:  — ^^^^^^  =  sine  of  angle  heel.* 
D  (the  displacement)  is  expressed  in  pounds,  and,  giving  the  quantities  for 
No.  1  model,  we  have  ^q  Jil^^o^  =  -35,  which  is  the  sine  of  20*^  30', 
and  the  vessel  with  such  a  pressure  would  thus  be  heeled  to  20°  30'. 

With  a  similar  wind  pressure  and  sail  area.  No.  ^3  model  would  be 
taken  to  30<^,  if  ballasted  the  same  as  No.  1. 

The  effect  of  adding  to  the  length  without  adding  to  breadth,  depth, 
or  displacement,  was  also  considered.  It  was  found  that  by  adding  6ft.  to 
No.  1  model,  increasing  her  water-line  length  to  55ft.,  her  metacentric 
height  became  4*5ft.  as  against  4*2ft.  with  a  water-line  length  of  49ft. 
The  righting  moment  for  this  condition  was  found  to  be  109,368  as  against 
104,000  with  49ft.  length  of  water-line.  The  effect  of  this  would  be  that 
for  the  same  heel  another  100  square  feet  of  canvas  could  be  carried ;  or 
if  the  same  sail  area  were  carried  the  vessel  would  only  be  heeled  to 
19°  24',  and  thus  carry  less  canvas  more  effectually.  Prom  this  it  can  be 
gathered  that  some  advantage  under  certain  conditions  could  be  gained  by 
increasing  length,  and  examples  of  this  in  actual  yachts  will  be  given 
farther  on. 

To  further  carry  on  these  experiments,  the  author  made  two  models  of 

*  The  rightizig  moment  of  any  giyen  angle  of  heel  ie  fhoi  found:  J>  x  MG  x  sine  of 
angle  of  heel. 
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equal  lengths^  49ft.     The  first  was  on  the  model  of  the  Vanessa  (Fig.  23), 
with  9*9ft.  beam,  and  a  lead  keel  3ft.  deep,  bringing  her  draught  to  10ft. 


Fig.  23. 

The  weight  of  the  keel  (by  ^in.  scale)  was  20  tons,  and  the  displacement  of 
the  hull  31  tons. 

The  second  model  was  of  three  beams,  or  49ft.  long,  16ft.  broad,  and 
3ft.  draught  of  water  to  the  rabbet  of  keel;  displacement  31  tons,  and 
ballast  20  tons. 

The  model  of  five  beams  was  heeled  four  times,  and  the  subsequent 
calculations  did  not  show  more  than  O'lft.  variation  in  the  metacentric 
height,  the  mean  being  4ft.  exactly,  or  0*2ft.  less  than  that  recorded  for 
Mr.  Bentall's  model  of  6in.  greater  draught.  Fig.  19  shows  the  midship 
section  of  this  model. 

The  broad  model  was  first  heeled  with  the  ballast  inside,  as  shown  in 
Fig.  24.      Two  inclinations  gave  exactly  the  same  result,  or  a  metacentric 


Fio.  24. 

height  of  4'8ft.      (It  might  here  be  said  that,  for  the  sake  of  accuracy,  a 
plumb  line  was  used  equal  to  72ff .  by  scale,  or  3ft.  actually.) 

This  result  showed  that  practically  the  broad  model  with  her  ballast 
inside,  and  the  narrow  model  with  her  ballast  outside,  were  equal  in 
stability.      The  author  has  frequently  pointed  out  that  there  is  no  special 
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virtue  in  the  ballast  being  inside  or  outside^  and  its  effect  can  only 
be  measured  by  the  effect  it  has  on  the  metacentric  height.  In  this  case 
we  find  that  by  keeping  the  length  constant,  and  reducing  the  beam  6ft., 
an  equality  can  be  maintained  in  stability  by  lowering  a  dead  weight 
equal  to  two-thirds  the  displacement,  by  exactly  the  distance  the  beam 
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was  reduced.  In  other  words,  the  under-water  depth  was  increased 
just  as  the  beam  was  decreased.  Of  course,  this  uniformity  would  be 
destroyed  if  the  weight  shifted  had  been  less  than  20  tons,  or  if  the  weight 
of  ballast  carried  by  the  two  models  had  varied.  This  result  was  not 
unexpected,  as  it  had  previously  been  shown  in  the  case  of  actual 
yachts. 

The  next  experiment  made  with  the  broad  model  was  by  putting  the 
lead  outside,  as  shown  by  Fig.  25,  making  the  draught  of  water  4'5ft.  The 
height  of  MG  for  this  disposition  of  the  ballast  was  6*8ft.     The  centre  of 
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weight  of  the  ballast  was  lowered  3ft.,  and  a  simple  calculation  showed  that 
the  heeling  experiment  gave  a  correct  result. 

Another  model,  of  the  same  length,  breadth,  and  displacement,  but  filled 
out  in  the  garboards  like  a  modern  keel  yacht  (see  Fig.  26),  with  twenty  tons 
lead  keel  and  8ft.  draught  of  water,  was  next  heeled.     Her  height  of  MG 
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Length. 
49     
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9-9       

Draught 
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10-0     

MG. 
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40 
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16'0      .    . 

30 

4*8 
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49     

160     

4*5     

6-8 
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49     

160     

8-0     
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was  found  to  be  8ft.     The  centre  of  gravity  of  the  weight  on  the  keel  was 
lowered  2'25ft.     The  results  of  these  experiments  were  as  follows  ; 


No. 


These  results  show  the  enormous  initial  stiffness*  of  vessels  which  are 
relatively  broad  and  shallow^  as,  although  each  may  be  of  the  same  weight, 
yet,  owing  to  the  different  lengths  of  righting  lever,  one  may  have,  as  can 
be  seen  in  the  table  above,  just  double  the  stiffness  of  another.  Frequently, 
too,  in  practice,  a  vessel  has  less  weight  than  another  of  the  same  length 
and  yet  has  the  same  righting  power ;  the  Arrow  and  Kriemhilda  are  cases 
in  point,  as  will  be  seen  from  the  table  here  given. 

MG 

Thames  tons.  Ft.  Displacement 

I^yra   364  4-00  332 

Sappho   392  730  232 

SeaBelle    142  3-32  155 

Miranda 139  S'SOf  160 

Jullanar 126  3*80  158 

Flormda 135  475  150 

Boeeof  Devon 140  4.00  128 

Arrow    115  3*361  106 

DefendOT§  (American,  1895)..  —  10*3  150 

KriemhUda    106  3*00  115 

Carina  (1894)    69  6-31  47*33 

Lnath 5  226  11*75 

Olga   5  2*24  10*2 

Trident  5  1*75  9*0 

aotilde 5  2-18  7-8 

Cnrrytueh 3  2*05  7 

Erne  (8.T.) 158  2*05  182 

The  Arrow,  it  will  be  seen,  has  a  metacentric  height  of  3*35ft.,  and  at 
20°  inclination  the  length  of  her  righting  lever  would  be  l*4ft.  (=  3*35  x 
sine  20°  =  3-35  x  -34  =  M4),  and  M4  multiplied  by  her  weight,  106 
tons,  gives  the  righting  force  at  20°  in  foot  tons  as  121. 

The  Kriemhilda  has  a  metacentric  height  of  3ft.,  and  therefore 
her  righting  lever  at  20°  would  be  3  x  '34  =  r02.  Her  displace- 
ment is  115  tons,  and  115  x  1*02  =  117.  Thus  it  will  be  seen  that 
the  lesser  weight  acting  on  a  longer  lever  has  more  than  an  equal 
righting  moment,  and  this  might  be  a  great  advantage  when  sailing 
in  smooth  water  owing  to  the  smaller  weight  to  drive,  and  the  finer 
lines  which  coald  be  obtained.      A  more  notable  case  of  the  effect  of 

*  Initial  stiffneea  is  the  reaistanoe  a  Teasel  makes  to  being  heeled  from  the  upright  position. 

f  This  is  the  MG  of  Miranda  with  6  tons  of  lead  on  her  keel.     She  has  now  about  80  tons. 

X  This  is  the  MG  of  Arrow  with  about  14  tons  of  lead  on  her  keel.  She  has  now  40  tons 
and  her  MG  is  about  4'5ft.,  or  nearly  equal  to  that  of  a  modem  yaoht  like  Valkyrie. 

§  She  wae  heeled  without  sails  and  gear  on  board,  and  her  displacement  at  the  time  waB 
estimated  to  be  150  tons. 
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metacentric  height  is  shown  in  the  case  of  Lyra  and  Sappho,  the  relative 
righting  moment  of  each  at  20°  being  Sappho  580,  Lyra  441.  Their 
relative  lengths  of  righting  lever  at  20°  are  2'5ft.  and  l'33ft.  as  shown  in 
Fig.  34,  page  48.  The  case,  however,  might  be  wholly  different  if  the 
yachts  were  sailing  in  disturbed  water ;  the  greater  weight  then  might  be  an 
advantage,  apart  from  stiffness  altogether,  as  will  be  explained  farther  on. 

Under  the  tonnage  rule,  as  already  shown  (see  page  13),  it  was 
necessary  in  order  to  make  a  successful  racing  yacht  to  do  with  as  little 
beam  as  possible.  It  was,  therefore,  of  paramount  importance  that  the 
greatest  beam  should  be  at  a  point  in  the  hull,  where  it  would  have  the 
greatest  effect  on  stability. 

It  is  often  erroneously  supposed  that  stability  is  largely  added  to  if 
the  greatest  beam  is  at  the  deck  instead  of  on  the  load  water-line,  because 
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by  putting  a  much  larger  piece  in  the  water  on  the  lee  side  than  is  taken 
out  on  the  weather  side,  the  centre  of  buoyancy  is  shifted  farther  out  to 
leeward,  and  so  lengthens  the  righting  arm.  It  has  already  been  pointed 
out  that  this  condition  cannot  exist,  and  that  the  piece  put  in  the  water 
must  necessarily  equal  in  bulk  that  taken  out. 

If  such  a  condition  could  exist  then  the  triangular  form  of  section,  as 
shown  by  Pig.  27,  would  be  the  most  powerful.  But  the  case  stands  thus  : 
Let  L.W.L.  be  the  water  line  of  the  upright  position,  then  at  an  inclination 
to  (say)  20°  this  line  ought  to  intersect  the  middle  vertical  line  m  at  o ;  but 
the  fact  is  the  vessel,  as  previously  explained,  would  rise  in  the  water  until 
the  wedges  k  and  x  were  equal  in  volume,  so  that  the  point  of  intersection 
would  really  become  somewhere  at  g. 

This  matter  can  be  differently  illustrated,  if  it  is  recollected  that  the 


stability :  Position  of  Greatest  Beam. 


43 


height  of  the  metacentre  above  the  centre  of  buoyancy  is  dependent  upon 
the  breadth  and  area  of  the  plane  of  flotation  and  the  under  water  bulk  of 
the  vessel ;  or  the  nearer  the  bulk  of  displacement  is  to  the  L.W.L.  the 
higher  will  the  metacentre  be  above  the  centre  of  buoyancy.  If  a  vessel 
were  inclined  to  20^  until  the  line  g  8  (Fig.  27)  became  the  half  breadth  of 
the  L.W.L.  on  the  emersed  side^  it  is  obvious  that  the  total  breadth  of  the 
plane  of  flotation  at  20°  inclination  would  be  less  than  the  breadth^  o  n, 
of  the  upright  position^  unless  the  breadth  on  the  immersed  side^  g  t, 
increased  as  much  as  that  on  the  emersed  side  decreased.  In  other  words^ 
unless  the  whole  breadth^  t  a^  more  than  equalled  the  breadth^  v  n,  there 
would  be  no  gain  in  power ;  and  ii  t  8  were  less  than  v  n  there  would  be 
a  loss  of  power. 

But  the  clearest  way  to  demonstrate  the  relative  effect  of  the  greatest 
beam  being  in  one  case  at^  and  in  the  other  above^  the  load  line  will 


Fig.  28. 

be  shown  as  follows :  Let  A  and  B^  Fig.  28^  represent  the  midship  sections 
of  two  yachts,  each  86ft.  in  length,  with  an  extreme  beam  of  17ft.,  and  a 
displacement  of  140  tons;  the  centre  of  gravity  of  each,  regulated  by 
ballasting,  to  be  2ft.  below  the  L.W.L.  The  area  of  midship  section  in 
both  is  alike,  the  area  a  being  equal  to  b. 

In  Fig.  2^  the  curve  of  B  is  shown,  and  it  will  be  seen  how  greatly  the 
righting  power*  exceeds  that  of  A  up  to  65^. 

A  few  years  ago  this  might  not  have  been  the  case,  as  the  form  of 
midship  section  of  B  {aee  Fig.  28)  would  not  have  admitted  of  the  ballast 
being  stowed  so  low  in  the  hull  as  in  A ;  now,  however,  that  the  whole  of 
the  lead  is  usuaUy  placed  on  the  keel  at  k  (Fig.  28),  B  can  have  her  centre 
of  gravity  as  low  relatively  to  the  L.W.L.  as  B,  and  her  metacentric  height 
will,  of  course,  be  greater. 

*  The  oanae  and  valae  of  this  power  in  actual  yachts  will  be  found  illnstiated  on  page  47. 
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This  leads  us  to  consider  another  aspect  of  the  case;  assuming  that 
the  greatest  beam  to  be  taken  for  a  tonnage  rating  at  the  L.W.L.,  it  would 
then  clearly  be  some  advantage  to  have  a  greater  beam  at  the  deck  than 
that  rated  at  the  L.W.L. ;  or  say  A's  beam  (Pig.  28)  were  taken  from  n  to 
0,  then  she  would  obtain  some  addition  to  stability  by  extending  her  beam 
to  s ;  this  is  illustrated  in  the  curve  of  B,  whose  beam  is  extended  2*2ft.,  as 
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shown  by  the  dotted  line  from  o  to  «;  the  effect  of  this  on  her  stability  is 
shown  by  the  dotted  line  a,  Fig.  29.  But,  by  the  previous  illustration,  it  is 
plain  that  if  B  were  22ft.  broad  at  the  load  water-line  instead  of  at  the 
deck,  she  would  be  still  stifEer  in  much  the  same  ratio  shown  by  the  two 
curves  A  and  B,  Pig.  29. 

From  the  foregoing  it  would  appear  that  for  any  given  beam  its 
greatest  breadth  should  be  carried  well  down  under  water  to  get  the 
best  results,  and  should  not  turn  to  any  considerable  extent  to  shape 
the  bilge  until  at  a  depth  below  the  L.W.L.  equal  to  the  lowest  free- 
board ;  or  the  bilge  should  not  show  out  of  water  until  an  angle  of  20®  is 
reached.     This  was  an  essential  condition  for  the  narrow,  deep   yachts 
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produced  by  the  old  tonnage  rule,  which  heavily  taxed  beam;  but  now 
that  the  tax  has  been  removed,  a  much  freer  use  can  be  made  of  breadth, 
and  the  deep,  hard  bilge  is  no  longer  a  necessity — in  fact,  it  might  be 
a  great  disadvantage  on  account  of  the  wave  making  it  induces. 

To  illustrate  the  relative  effect  of  beam  and  length  on  stability  in 
actual  yachts,  Florinda  will  be  taken  as  an  example.  In  Fig.  30  a  is  the 
actual  curve  of  stability  of  the  yawl  Florinda  as  she  sailed  in  1876 ;  the 
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dotted  lines  show  what  her  curve  would  have  been  with  1ft.  4in.  added 
to  her  beam,  the  centre  of  gravity  remaining  in  the  same  position  2ft. 
below  the  L.W.L.,  and  displacement  being  added  to  by  5  tons,  bringing  it 
up  to  1 55  tons. 

With  13ft.  added  to  her  length,  her  stability  would  b^  aa  shown  by 
the  dark  curve,  the  displacement  being  added  to  by  25  tons,  raising  it  to 
175  tons. 

This  shows  what  the  value  would  be  of  retaining  the  same  vertical 
athwartship  sections  whilst  lengthening  out  the  interval  between  the 
sections :  not  only  an  increase  of  stability  would  result,  but  finer  lines 
would  be  obtained ;  it  should,  however,  be  noted  that  1ft.  5in.  beam,  with 
only  a  small  increase  in  displacement,  is  equivalent  to  13ft.  of  length  with 
25  tons  increase  of  displacement.  However,  there  is  not  the  smallest  doubt 
that  the  13ft.  of  length  would  be  of  more  value  than  the  1ft.  5in.  of  beam. 

To  further  illustrate  the  relative  influence,  breadth,  depth,  and  the 
locus  of  the  centre  of  gravity  have  on  the  range  of  stability  of  yachts,  a 


comparison  will  be  made  with  the  curves  of  the  Rose  of  Devon,  JuUanar, 
and  Florinda,  these  vessels  varying  greatly  in  form,  as  shown  by  the  sketch 
of  their  midship  sections  in  Fig.  81. 

Boae  of  Devon  Florinda.  Jallanar. 

Length  on  load  line    Sift.    Bin.     86ft.  lOin 99ft,    lin. 

Breadth  (extareme) 20ft.    Sin 19ft.    4m 16ft.  lOin. 

Breadth  on  load  line  20ft     4m 19ft.    lin 16ft.    Sin. 

DraQghtforward,5ft.  from  stem...       6ft.    Sin 7ft.    Sin 2ft.    9in. 

Extreme  draught    lift.    9in lift     9in 13ft.    Sin. 

Area  of  load  water  plane  1120eq.ft llOOsqit 1085Bq.ft. 

Area  of  mid  aeotion    95sq.ft 106Bq.ft 106  8q.ft. 

Displacement  128  tons 150  tons 158  tons. 

Centre  of  buoyancy  aft  centre  of 

length    l-2ft l-2ft 0-4ft. 

Centre  of  buoyancy  below  L.W.L.. . .         2-6ft 2-76ft 3*44ft. 

Metaoentre  aboTC  0.B 61ft 4-75ft 113ft. 

Metacentre  abore  centre  of  gravity           4ft 4*8ft 3'3ft. 

Area  of  lower  sail   5220sq.ft 5257sqit 4988sq.ft. 

Ballast 57tons 54ton8 795  tons. 

Portion  of  this  ballast  on  keel none 23  tons 6  tons. 
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The  Jnllanar  is  (approximately)  six  times  her  beam  in  length;  Florinda 
fonr  and  a  half  times^  and  Rose  of  Devon  less  than  four  times. 

Their  relative  proportions  of  breadth  and  depth  will  be  readily  under- 
stood by  the  sketch  of  their  midship  sections. 

It  will  be  observed  that  Jullanar  has  much  greater  depth  than  either 
of  the  other  two,  and  less  beam ;  in  fact,  practically,  the  area  of  section 
which  she  loses  by  her  contracted  beam  is  made  up  by  the  excess  quantity 
she  has  near  the  garboards. 

The  effect  these  differences  in  form  have  upon  the  stability  of  the 
three  vessels  can  well  be  shown  by  curves.     (Fig.  32.) 

The  Rose  of  Devon,  it  will  be  seen,  has  the  greatest  initial  stability  of 
the  three ;  her  curve  is  very  steep  to  begin  with,  but  her  maximum  stability 

Curves  of  Stabf/ity 
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is  reached  at  an  angle  of  inclination  of  40°,  and  then  decreases  very  rapidly. 
In  short,  this  curve  can  be  taken  as  an  example  of  the  kind  of  stability  a 
yacht  has,  which  is  broad  in  the  beam  but  shallow  in  body. 

The  curve  representing  the  Florinda  is  similar  in  character,  but  shows 
less  power  at  small  angles  of  heel.  The  Jullanar  is  a  vessel  quite  distinct 
in  type  to  either  of  the  two  named,  and  it  will  be  seen  that  her  curve 
is  distinct  also.  She  has  very  small  stability  at  initial  inclinations,  but  an 
almost  unlimited  range,  and  her  greatest  stiffness  occurs  at  75°,  or  when 
she  is  nearly  flat  on  her  beam  ends. 

To  start  with,  her  stiffness  is  very  inferior  to  that  of  the  other  two, 
and  she  has  to  be  heeled  to  20°  before  she  equals  the  Rose  of  Devon  in 
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stability^  and  to  beyond  25^  before  she  equals  Florinda^  as  the  latter  was 
sailed  in  1873,  but  at  30°  she  exceeds  them  in  righting  power ;  at  40°  their 
maximum  stability  is  reached,  but  JuUanar  continues  to  increase. 

These  three  vessels  exactly  illustrate  the  truth  of  the  proposition  that 
additions  to  beam  add  largely  to  initial  stability,  and  have  no  such  effect 
in  augmenting  the  range,  whilst  depth  has  such  effect,  and  at  large  angles 
of  heel  does  duty  for  beam.  This  can  be  better  understood  by  a  com- 
parison of  the  areas  of  flotation  of  the  three  yachts.  In  the  upright 
position  these  areas  are — 

Bofieof  Deron    1120  square  feet. 

Flormda 1100       „        „ 

Jullanar 1085      „ 

At  an  inclination  of  50°  these  areas  are  found  to  be — 

Soeeof  Deyon 742  square  feet. 

FLorinda 800      „        „ 

Jullanar  960       „        „ 

That  is,  the  order  of  comparison  is  exactly  reversed,  and  at  50°  the 
Jullanar  has  220  sq.  ft.  more  area  of  flotation  than  Rose  of  Devon,  whilst  in 
the  upright  position  Rose  of  Devon  only  had  84  sq.  ft.  more  than  Jullanar. 

By  referring  to  Pig.  83,  the  cause  of  the  diminished  area  of  flotation 
will  be  observed ;  in  the  broad  shallow  model  the  breadth  of  the  vessel 
across  the  water-line  hns  become  reduced  to  a  b,  whilst  that  of  the  deep- 
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bodied,  but  narrow  yacht,  shows  a  considerable  excess  of  breadth,  as 
shown  from  c  to  d,  in  fact,  when  the  narrow  yacht  is  on  her  side,  she  is, 
as  far  as  stability  goes,  somewhat  in  the  condition  of  the  broad  yacht  in 
her  upright  position.     (See  page  40.) 

It  will  be  noted  that  the  Rose  of  Devon  is  ballasted  with  iron,  and  has 
no  metal  keel.  Formerly  this  was  a  very  common  condition,  and  in  order 
to  compare  her  stability  with  the  Florinda  and  Jullanar,  which  are 
ballasted  with  lead   and  have   lead   keels,  their   carves  are  given  as  if 
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ballasted  with  iron  as  well  as  their  actual  curves.  It  should^  however^  be 
said  that  such  a  yacht  as  Jullanar  would  have  been  regarded  as  an  im- 
possibility in  the  days  before  lead  ballast  was  introduced. 

These  curves  show  the  exact  relative  stiffness  of  the  three  distinct 
types  of  ysichts^  and  are  applicable  to  the  most  modern  types  (1896) ;  one 
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of  them  (Bose  of  Devon*)  with  iron  ballast  inside,  but  possessed  of  the 

greatest  initial  stability  and  the  lowest  range ;  and  the  Jullanar  ballasted 

with  lead,  and  showing  the  faintest  initial  stability  and  the  longest  range. 

The  general  character  of  the  stability  of  British  yachts  as  influenced 

*  Bose  of  Deyon  has  now  a  lead  keel. 
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by  the  old  tonnage  rnle  for  the  purposes  of  competitive  sailing  has  now  been 
sufficiently  illustrated ;  but  it  remains  to  be  shown  how  the  rating  rule  by 
sail  area  and  length  of  water  line  aflfected  the  character  of  a  yacht's 
stability.  No  yacht  of  the  Jullanar  type  was  built  under  the  rule,  and 
the  yachts  ranged  from  three  to  four  beams  in  length;  but  the  chief 
alteration  in  the  outline  of  the  mid-section  was  in  the  garboards  and  keel. 
This  is  illustrated  by  Fig.  35,  which  represents  the  Florinda's  mid-section 
(four  and  a  half  beams  to  one),  and  what  her  mid-section  would  have  been 
like  had  she  been  built  as  a  cruiser  in  1895.  The  garboard  and  keel 
portion  A  illustrates  her  section  as  it  actually  is,  with  23  tons  of  lead  on 
her  keel.  The  outside  line  B  shows  what  a  modem  Florinda  is  like  with 
the  whole  of  her  lead  (64  tons)  on  the  keel.     {See  Fig.  31.) 

The  effect  this  alteration  in  the  form  of  the  lower  part  of  the  hull  and 
in  the  manner  of  ballasting  is  shown  in  the  curves  of  stability.  Fig.  36. 

Formerly  it  was  a  common  plan  to  give  a  yacht  a  very  low  freeboard. 
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and  to  compensate  for  the  deficiency  by  having  high  bulwarks-  The 
object  was  to  keep  the  deck  and  its  weights  as  low  as  possible  in  order  to 
lower  the  centre  of  gravity,  and  also  to  keep  the  centre  of  effort  of  the  sails 
low.  It  was  argued  that  the  bulwarks  would  keep  out  the  water  until 
heeled  to  the  rail,  just  the  same  as  freeboard  would,  so  far  as  sailing  in  a 
smooth  sea  goes ;  but  experience  showed  that  high  bulwarks  and  a  low 
freeboard  form  a  very  inconvenient  and  uncomfortable  arrangement  for 
sailing  in  a  disturbed  sea  on  account  of  the  difficulty  in  getting  the  water 
off  the  deck.  The  effect  that  bulwarks  have  on  lengthening  the  righting 
lever  or  increasing  the  stability  after  an  angle  which  would  put  the  deck 
under  is  reached,  is  shown  by  the  curve  of  Lyra  (Fig.  34),  whereon  the 
dotted  line  from  23°  shows  what  the  effect  would  be  if  her  deck  were 
raised  to  her  rail.  It  must,  however,  clearly  be  understood  that  height  of 
bulwark  cannot  be  reckoned  on  as  a  permanent  part  of  a  yacht's  stability, 
because  directly  the  rail  is  under  water  the  stability  as  suddenly  diminishes 


Curves  of  Stability.  61 


to  that  due  to  the  deck  edge  limit.  Stability,  from  a  safety  point  of  view, 
must  therefore  be  treated  in  a  manner  wholly  independent  of  the  height 
of  bulwarks. 

The  sort  of  curve  a  steam  yacht  has  which  is  ballasted  with  lead  and 
has  a  lead  keel  is  shown  by  Sunbeam,^  and  the  curve  of  a  small  steam 
yacht  is  exemplified  by  Blunderbuss. 

*  The  onrye  of  Sunbeam  is  taken   from   Sir  W.  H.  White's  valuable  work   on  Naval 
Aiohitecture. 
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CHAPTER  lY. 

THE  PROPORTIONS  OF  YACHTS  AND  THEIR  MOTIONS 

AMONG  WAVES. 


The  performance  of  a  vessel  in  a  disturbed  sea  is  mainly  governed  hj  her 
length  in  relation  to  the  length  of  the  waves  she  encounters ;  by  her  depth 
under  water,  and  height  above  water,  relative  to  the  depth  and  height  of 
the  waves;  by  her  weight,  relative  to  the  weight  or  volume  of  the  waves; 
and  to  the  stowage  of  the  vessel's  weights  in  a  fore  and  aft  direction. 

It  is  obvious  that  a  vessel  could  be  made  so  long  and  deep  that 
Atlantic  waves  of  ordinary  length  and  height  would  be  powerless  to 
sensibly  move  her  vertically  or  horizontally;  that  is,  she  would  form  a 
kind  of  floating  breakwater — the  waves  breaking  over  her,  but  unable  to 
impart  motion  to  her  of  any  kind.  This  condition  can  be  readily  realised 
by  reflecting  on  the  absolute  stillness  of  a  big  Atlantic  liner  when  lying  in  a 
comparatively  sheltered  anchorage  like  Spithead  in  a  strong  wind  travelling 
at  the  rate  of  twenty-five  miles  an  hour ;  whilst  the  wave  disturbance  is 
quite  sufficient  to  cause  a  vessel  of,  say,  100  tons  to  pitch  and  'scend  and 
roll  in  a  lively  fashion,  whether  she  be  lying  at  anchor  or  under  way. 

The  old  theory  was  that  a  vessel  to  be  a  good  sea  boat  must  have  great 
breadth  of  beam ;  and  of  this  there  formerly  was  no  doubt,  as  a  narrow 
vessel  would,  owing  to  the  ballasting  adopted,  be  deficient  in  stiffness,  and 
consequently  wallow  in  the  sea  in  such  a  manner  that  sailing  her  would 
have  been  out  of  the  question.  Now,  however,  with  our  knowledge  of 
what  can  be  done  with  depth  and  lead  ballast,  stiffness  can  be  left  out  of 
consideration,  and  attention  wholly  devoted  to  the  attainment  of  as  much 
length  as  may  seem  desirable  for  any  given  tonnage  in  order  to  secure  a 
boat  which  is  slow  and  easy  in  her  fore  and  aft  motions. 

In  1851  a  cruising  or  racing  yacht  of  about  100  Thames  tons  would 
have  had  a  L.W.L.  depth  of  about  three  and  a  half  beams,  or  70ft.  long, 
20ft.  broad,  with  a  depth  of  hold  of  about  8*5ft.  amidships,  10ft.  extreme 


Motion  among  Waves.  53 


draught,  and  a  displacement  of  about  1 20  tons ;  but  the  operation  of  the 
Thames  rule  and  Y.R.A.  rule  of  measurement  gradually  brought  into 
existence  a  yacht  32  per  cent,  longer,  20  per  cent,  narrower,  and  40  per 
cent,  deeper ;  that  is,  a  yacht  of  100  tons  in  the  year  1886  would,  in  length 
on  the  L.W.L.,  exceed  five  and  half  beams,  or  be  about  90ft.  long  on  the 
L.W.L.  and  16ft.  broad,  with  a  depth  of  hold  of  about  13*5ft.,  and  an 
extreme  draught  of  water  of  about  14ft.,  and  displacement  of  175  tons. 
The  different  manner  two  such  vessels  would  perform  in  the  short  steep 
channel  sea,  such  as  would  be  met  with  anywhere  round  our  coast  in  a 
strong' wind,  would  be  most  marked.  The  short,  broad,  and  comparatively 
shallow  vessel  would  fall  into  every  trough,  and  lift  over  every  crest,  whilst 
her  vertical  motion  would  be  excessive.  The  longer  vessel,  on  the  other 
hand,  if  judiciously  canvassed,  would  avoid  many  of  the  wave  hollows,  and 
never  have  her  head  thrown  up  by  a  wave  crest  with  the  suddenness,  nor 
to  the  extent,  which  the  shorter  vessel  would;  and,  although  her  speed 
through  the  water  would  be  much  greater,  her  increased  weight  would 
very  sensibly  diminish  the  power  of  the  waves  to  cause  vertical  motion. 
It  might  at  first  be  supposed  that  the  longer,  narrower,  and  deeper  yacht 
would  be  a  much  wetter  vessel,  but  this  would  be  by  no  means  the  case 
provided  she  was  of  proper  stiffness,  so  that  she  did  not  wallow  in  the  sea ; 
but  the  fact  must  not  be  overlooked  that  the  longer  boat  is  not  the  better 
and  faster  sea  boat  so  much  because  she  is  narrower  but  because  she  is 
longer  and  deeper,  and  of  greater  weight  or  displacement. 

The  last  sentence  must  be  circumstantially  impressed  on  the  reader ; 
the  longer  yacht  of  '^  100  tons  "  did  not  perform  better  in  a  sea  because  she 
was  narrower  than  the  70-f eet  yacht ;  but  because  she  was  20ft.  longer,  5ft. 
deeper,  and  50  tons  heavier ;  in  short,  because  she  was  a  much  larger 
vessel.  Both  yachts  were  described  as  of  ^'  100  tons ''  by  the  rule  of 
measurement,  and  this  empirical  manner  of  comparing  yachts  engendered 
a  belief,  or  we  might  almost  term  it  a  delusion,  that  a  narrow  yacht,  or  say 
one  with  a  length  of  five  and  a  half  beams,  was  superior  or  easier  and  faster 
in  a  sea  way  than  one  of  four  and  a  half  beams.  Persons  who  did  not  give 
the  matter  much  thought  were  easily  convinced  that  the  narrow  yacht  had 
come  into  existence  because  narrowness  best  suited  our  seas ;  but  the  fact 
is,  the  delusive  way  of  estimating  tonnage  or  size  wholly  masked  the  merits 
of  broader  yachts  of  actual  egual  size  or  cubical,  contents.  vA  yacht,  for  ifr 
instance,  90ft.  on  the  water  line,  20ft.  breadth,  and  13ft.  depth  of  hold,  and 
175  tons  displacement,  would  be  a  better  vessel  in  every  way  than  one  of 
90ft.  length,  16ft.  breadth,  and  14ft.  depth,  and  175  tons  displacement;  but 
because  the  yacht  of  70ft.  length  and  20ft.  beam,  and  110  tons  displace- 
ment,  and   the  yacht  of   90ft.   length,    16ft.   beam,  and   175  tons  were 
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indiscriminately  made  150  tons^  the  longer  yacht  was  by  comparison 
regarded  as  the  better  vessel ;  so  also  because  by  the  rule  the  vessel  90ft. 
by  16ft.  was  made  of  100  tons,  whilst  the  90ft.  yacht  of  20ft  beam  was  made 
150  tons,  the  narrower  yacht  was  still  regarded  as  the  better  vessel. 

A  modern  racing  yacht  of  90ft.  length  has  from  23ft.  to  25ft.  beam, 
and  her  weight  may  range  from  150  to  160  tons,  and,  taken  altogether,  she 
is  a  most  wonderfully  efficient  vessel  in  a  sea  way  on  any  point  of  sailing. 
She  is  able  to  carry  an  enormous  sail  spread^  by  virtue  of  her  great  beam 
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and  the  low  position  of  her  lead  keel,  the  underside  of  which  in  some 
cases  is  so  much  as  18ft.  below  the  water  surface,  whereas  12ft.  was 
considered  quite  sufficient  in  the  days  of  a  90ft.  narrow  yacht.  The  latter 
type  would  not,  however,  have  the  smallest  chance  against  one  of  the 
modem  90ft.  yachts  in  any  kind  of  weather.  It  should,  however,  be 
pointed  out  that  the  introduction  of  girth  in  the  rating  rule  has  already 
had  the  effect  of  reducing  the  draught  of  water,  but  it  is  unlikely  that  the 
coming  yachts  will  be,  on  the  whole,  any  better  or  easier  sea  boats  than 
those  built  during  the  decade  between  1886  and  1896. 

It  does  not  necessarily  follow  that  because  a  yacht  is  large  or  long  or 
long  and  narrow  that  she  may  not  be  an  uneasy  sea  boat,  and  we  will  now 
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briefly  consider  the  conditions  which  influence  the  motions  which  are 
generally  described  as  pitching,  ^scending,  and  rolling.  Pitching  is  the 
motion  akin  to  diving  which  a  vessel  takes  after  her  head  has  been  thrown 
up  by  a  wave  as  A,  Fig.  37,  which  is  ^scending,  and  she  then  passes 
through  that  wave  as  at  B,  and  falls  down  into  the  trough  of  another  wave, 
C,  which  is  the  pitching  motion  as  shown  in  Figs.  37,  38,  and  39,  the  wave 
crest  d  being  ready  to  break  on  board  before  the  vessel  recovers  herself. 
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These  fore  and  aft  motions  are  influenced  by  the  form  of  the  vessel  at 
and  about  tlie  water-line ;  thus  if  a  vessel  is  very  fine  on  the  load  water- 
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line  forward  and  full  aft^  her  pitching  motion  may  be  much  more  marked 
than  if  she  were  fine  both  fore  and  aft — a  notable  example  of  the  latter 
form  will  be  found  in  the  fore  and  aft  lines  of  Jullanar.     It  is  obvious  that 


if  a  vessel  is  full  or  buoyant  aft,  that  a  wave  getting  under  her  quarter  will 
have  great  lifting  power,  and  the  bow,  being  relatively  without  any  similar 
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support,  will  necessarily  be  "  dived ''  under,  and  a  vertical  motion  will  take 
place  which  is  thus  measured  by  what  is  known  as  the  longitudinal  meta* 
centre.  In  Fig.  40,  let  L  0  be  the  normal  load  water-line,  E  the  centre  of 
buoyancy,  and  F  the  centre  of  gravity,  P  P  produced  through  both.  If  by 
altering  the  immersion  fore  and  aft  by  trimming,  or  by  waves,  the  centre  of 
buoyancy*  might  become  transferred  to  E*,  the  new  load  line  being  NT; 
the  longitudinal  metacentre  for  the  position  would  be  at  the  point  M  P' 
at  right  angles  to  N  T. 

It  can  be  further  assumed  that  the  centre  of  gravity  of  the  load  water 
plane  is  at  same  point  far  aft  at  S ;  then  the  vertical  motion  is  effected  in 
proportion  to  the  distance  S  K  and  the  angular  extent  of  the  motion. 
Thd  vessel  has  her  fore  and  aft  motion  about  an  axis  at  S,  the  centre 
of  gravity  of  the  load  water  plane,  and  a  consequent  rising  and  falling 
of  the  vessel  takes  place  each  time  she  pitches  or  'scends,  and  the  extent 
of  this  vertical  motion  is  thus  quantified ;  S  K  x  sine  angle  of  pitching 
or  ^scending. 

When  a  vessel  is  heeled  as  she  usually  is  when  under  sail,  the  pitching 
or  'scending  motion  may  be  increased  according  as  the  centre  of  gravity  of 
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the  immersed  wedge  is  (^J)  of  the  centre  of  gravity  of  the  emersed 
wedge.  In  most  cases  the  centre  of  the  immersed  wedge  is  abaft  that  of 
the  emersed,  and  the  consequence  of  this  condition  can  be  thus  measured. 
In  Fig.  41  let  A  A  be  the  fore  and  aft  middle  line  of  the  vessel,  and  ABA 
a  plane  in  the  emersed  wedge,  and  A  C  A  a  plane  in  the  immersed  wedge  ; 
g  the  centre  of  gravity  of  the  immersed  wedge,  and  h  the  centre  of  gravity 
of  the  emersed.  Through  g  produce  g  i  at  right  angles  to  A  A,  and 
through  h  produce  h  i  parallel  to  A  A ;  then  A  i  is  the  length  of  a  coupling 
lever  tending  to  depress  the  bow  and  lift  the  stem. 

In  finding  the  pitching  moment  for  an  inclined  position  of  the  vessel, 
the  couple  A  i  of  a  plane  would  be  resolved  into  S  (Fig.  40),  as  the  whole 
plane  would  be  treated  as  the  plane  of  flotation  of  an  inclined  position 

*  F*  in  the  diagram  (Pig.  40,  page  55)  is  merely  put  to  show  that  if  the  centre  of  grarity  were 
shifted  to  that  point,  to  alter  the  trim,  the  centre  of  buoyancy  would  necessarily  shift  aft  also. 
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and  therefore  the  centre  of  gravity  of  that  plane  would  be  found.  This 
would  be  readily  done  by  multiplying  the  distance  the  centre  of  gravity  of 
each  plane — ^A  C  A,  ABA — is  from  one  end  of  the  vessel  by  its  area ;  the 
moments  thus  found  would  be  added  together;  the  sum  divided  by  the 
whole  area^  would,  in  the  quotient,  give  the  distance  the  centre  of  gravity 
of  the  inclined  plane  is  from  that  end  of  the  vessel  about  which  the  moments 
were  calculated. 

It  is  obvious,  from  the  above  considerations,  that  if  the  centre  of 
gravity  of  the  immersed  wedge  were  at  A,  and  that  of  the  emersed  at  g, 
the  forces  would  be  tending  to  depress  the  stern  and  lift  the  bow ;  and  the 
extent  of  this  depression  could  be  calculated  by  a  process  analogous  to  that 
for  the  depression  by  the  bow. 

The  centres  of  gravity  of  the  immersed  and  emersed  wedges  of  Sea 
Belle  (calculated  at  an  inclination  of  20°),*^  are  not  in  the  same  transverse 
plane ;  in  fact,  the  centre  of  gravity  of  the  immersed  wedge  is  l*26ft. 
abaft  the  centre  of  the  emersed  wedge.  The  mean  volume  of  the  wedges 
is  721  cubic  feet;  then  by  inclination  of  the  vessel  the  centre  of  buoyancy 
would  be  shifted  aft  in  proportion  to  the  volume  of  the  wedge,  the  distance 
their  centres  are  apart,  and  the  volume  of  displacement,  thus : 

721  X  1-26 
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:=  0-1 67ft. « the  distanoe  the  centre  of  baoyanoy  would  be  shifted  aft. 


But,  inasmuch  as  the  centre  of  gravity  of  the  vessel  would  not  b^ 
shifted,  this  movement  of  the  centre  of  buoyancy  would  not  take  place ; 
on  the  contrary,  the  vessel  would  go  down  by  the  head  until  the  centre  of 
buoyancy  came  to  rest  in  the  vertical  in  which  rested  the  centre  of  gravity. 
The  extent  of  this  depression  by  the  bow  can  thus  be  approximately 
computed.  The  half  length  on  the  load  line  is  divided  by  the  longitudinal 
metacentric  height  above  the  centre  of  buoyancy,  and  the  quotient  multi- 
plied by  the  distance  the  centre  of  buoyancy  has  to  be  shifted;  thus : 

^  ^  .  X  167  «—  X  162 «. 09268ft. 
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Thus  Sea  Belle,  at  20°  inclination,  will  practically  have  her  plane  of 
flotation  in  the  horizontal  of  the  plane  of  flotation  of  the  upright  position, 
as  her  bow  would  only  be  depressed  IJin.  However,  in  some  vessels  the 
centres  of  the  wedges  are  separated  to  a  much  greater  extent,  and  this  fact, 
coupled  with  the  condition  that  the  centre  of  flotation  of  the  upright 
position  being  far  abaft  the  vertical  in  which  the  centre  of  buoyancy  is 
found,   will  tend   to  increase  the  extent  and  violence  of  pitching.     But, 

*  The  Sea  BeUe  is  introduced  here  because  exact  calculations  respecting  that  yacht  are 
giren  farther  on. 
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apart  from  pitching,  it  is  obvious  that  if  the  bow  is  much  depressed 
through  a  vessel  being  inclined^  the  form  of  her  entrance  will  be  greatly 
altered.  Moreover,  the  centre  of  the  longitudinal  section  (centre  of  lateral 
resistance)  will  be  carried  forward,  and  this  will  tend  to  make  the  vessel 
gripe  or  carry  weather  helm.  According  to  Professor  Bankine,  the 
difference  between  the  centres  of  the  wedges  of  immersion  and  emersion 
does  not  exceed  *003  of  the  breadth  in  ships  that  are  easy  among  waves  as 
to  pitching;  on  the  other  hand,  he  declares  that  in  uneasy  ships  it  is 
sometimes  as  much  as  '04  of  the  breadth.  In  Sea  Belle  the  difference 
between  the  centres  is  *065  of  the  breadth.  In  the  case  of  Kriemhilda  the 
difference  is  as  much  as  *09  of  the  breadth. 

From  these  considerations,  it  will  be  seen  that  the  easiest  and  driest 
vessel  will  be  one  whose  various  centres  are  in  the  same  vertical-transverse 
plane,  and  that  the  separation  of  the  centres  tends  to  aggregate  pitching 
and  uneasy  motion  generally. 

The  violence  of  pitching  and  'scending  is  much  affected  by  the  radius 
of  gyration.  The  radius  of  gyration  is  computed  by  multiplying  the  square 
of  the  distance  each  weight  of  different  parts  of  the  vessel  is  from  their 
common  centre  of  gravity ;  the  products  so  found  are  added  together,  and 
the  sum,  divided  by  the  whole  weight  of  the  ship,  gives  the  radius  of 
gyration  about  the  centre  of  gravity.  The  more  the  weights  are  con- 
centrated, as  in  modem  yachts,  the  shorter  the  radius  of  gyration  will  be, 
and  the  vessel  will  consequently  acquire  less  momentum  in  pitching,  and 
will  pitch  and  'scend  with  the  waves ;  but,  on  the  other  hand,  if  the 
weights  are  lengthened  out,  the  momentum  acquired  by  the  motion  of  the 
vessel  when  her  bow  or  stem  is  suddenly  deprived  of  support  during  the 
passage  of  waves,  will  be  much  increased.  By  reducing  this  momentum, 
the  ''  diving  "  and  violent  part  of  the  pitching  will  be  much  modified,  and 
what  may  be  termed  the  "  longitudinal  rolling  '*  will  occur  more  with  the 
time  of  the  waves. 

Lead  ballast,  whether  stowed  inside  or  outside  in  the  form  of  a  keel, 
has  proved  of  the  utmost  value  in  placing  the  radius  of  gyration  under 
the  control  of  the  designer,  as  generally  when  a  yacht  was  ballasted 
with  inside  iron  it  had  to  be  stowed  very  far  fore  and  aft  on  account  of 
the  room  it  occupied ;  whereas  lead  by  its  smaller  bulk,  weight  for  weight, 
can  be  much  concentrated,  and  at  the  same  time  occupy  a  lower  level  in  the 
vessel.  On  the  other  hand,  if  the  ballast  be  too  much  concentrated,  the 
radius  of  gyration  will  be  so  much  shortened  that  the  vessel,  whilst  losing 
her  diving  tendencies,  will  be  much  too  lively  in  disturbed  water,  and, 
whilst  keeping  time  with  the  waves,  rising  regularly  to  every  crest,  would 
''jump  all  the  wind  out  of  the  sails."      This   is  particularly  noticeable 
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in  small  vessels  or  boats^  and  to  make  tlie  sails  sit  quietly  whilst 
sailing  among  wavea^  the  steersman  must  be  very  watchful  to  keep  the 
sails  full. 

These  lively  motions  are,  however,  easy,  and  not  nearly  so  disagreeable 
as  the  violent  diving  plunges  of  a  badly  ballasted  yacht  in  a  heavy  sea ;  in 
fact,  for  real  comfort  and  dry  sailing  the  ballast  cannot  very  well  be  too 
much  concentrated,  and  for  good  all  round  advantages  it  has  been  found 
that  the  dead  weight  should  extend  no  farther  than  over  the  middle  third 
of  the  length  on  the  load  water  line. 

The  fore  and  aft  motions  of  a  vessel  are  influenced  somewhat  by  the 
shape  of  the  cross  sections  of  vessels,  and  generally  the  easiest  vessels  are 
those  which  carry  their  bilges  low  down,  so  that  there  is  little  difference  in 


Fia.  42. 


Fia.  43. 


bulk  in  the  immersed  and  emersed  wedges  upon  heeling.  Vessels  with 
sections  like  Fig.  42  would  be  comparatively  easy,  whilst  those  approaching 
Pig.  43  are  most  affected  by  wave  motion. 

This  is  particularly  apparent  in  transverse  motions  which  come  under 
the  head  of  rolling ;  but  to  properly  understand  the  conditions  which  entail 
easy,  uneasy,  safe,  or  unsafe,  rolling,  it  will  be  best  to  first  have  a  clear 
conception  of  what  takes  place  during  a  vessel^s  oscillation,  or  rolling,  in 
still  water. 

In  Pig.  44,  F  is  the  centre  of  gravity  of  the  vessel,  and  E  the  centre 
of  buoyancy.  Upon  inclination  of  the  vessel,  the  centre  of  buoyancy  shifts 
to  some  point  E^ ;  then  the  measure  of  the  righting  lever  tending  to  bring 
back  the  vessel  to  the  upright  position,  after  being  rolled  to  an  angle 
shown  by  L.  W.L.  and  the  water  level,  will  be  the  horizontal  distance  between 
the  vertical  lines  passing  through  E*  and  through  F.  In  proportion  to 
the  length  of  this  righting  lever,  or  the  metaceiitric  height,  with  certain 
limitations  hereafter  to  be  considered,  will  be  the  length  of  time  the  vessel 
will  occupy  in  performing  her  oscillations. 
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The  point  about  which  a  vessel  oscillates  is  termed  the  instantaneous 
axis,  and  is  dependent  upon  her  form  and  position  of  the  centre  of  gravity. 
It  can  thus  be  found  :  In  Fig  44,  the  point  S,  where  the  water-line  of  the 
inclined  position  and  that  of  the  upright  position  intersect,  would  be 
treated  as  a  tangential  point  in  a  curve,  such  b&  x  x;  the  point  of  inter- 
section of  any  number  of  water-lines  for  a  corresponding  number  of 
different  inclinations,  would  give  other  points  for  8  in  x  x.  The  curve,  x  x, 
resting,  assumed  to  be  resting,  or  oscillating  on  the  plane  of  the  water,  will 


Fio.  44. 


be  called  the  curve  of  surface  of  flotation,  and  any  point  S  in  it  will  be  a  point 
for  determining  the  instantaneous  axis  of  the  vessel.  The  centre  of  gravity 
will  lift  with  the  vessel  in  a  vertical  direction ;  hence,  the  instantaneous 
axis  will  lie  in  the  horizontal  distance  F  R,  at  its  point  of  intersection  with 
a  vertical  line  through  S.  Thus,  R  will  be  the  instantaneous  axis,  and 
may  be  found  anywhere  in  such  a  curve  as  y  y. 

If  the  vessel  were  cylindrical  in  form,  the  point  S  would  be  at  O  for 
all  inclinations;   but,  inasmuch  as  the  wedge-shaped  piece  put  into  the 
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water  is  in  excess  of  the  piece  taken  out^  a  corresponding  lifting  of  the 
vessel  takes  place^  until  the  "  in ''  wedge  equals  the  "  out/^ 

This  lifting  of  the  vessel  (called  the  lifting  of  her  centre  of  gravity) 
has  great  iufluence  on  a  vessel's  oscillations,  and  produces  that  rising 
and  sinking  which  are  a  part  of  uneasy  rolling.  This  cause  of  uneasy 
rolling  cannot  well  be  entirely  avoided  in  either  yachts  or  ships,  bat  it  will 
be  most  observable  in  such  vessels  as  flare  out  greatly  above  the  water- 
line  and  turn  in  very  quickly  below,  in  the  way  some  broad  and  shallow 
craft  do.* 

Bat  easy  rolling,  or  its  converse,  is  to  a  great  extent  governed  by  the 
period  which  a  vessel  occupies  in  performing  a  complete  oscillation.  This 
period  is  understood  as  the  time  she  occupies  in  making  a  double  roll. 
The  longer  this  period  can  be  made,  the  easier  and  slower  or  less  violent 
the  rolling  will  be ;  but  it  is  frequently  found  that  the  means  available  for 
lengthening  the  period  can  only  be  used  at  the  sacrifice  of  some  other  and 
more  important  quality  necessary  to  the  good  behaviour  of  the  vessel. 
For  instance,  the  period  is  largely  dependent  upon  the  depth  the  centre  of 
gravity  of  the  vessel  is  below  the  metacentre,  and  a  vessel's  period  can 
always  be  lengthened  by  bringing  the  centre  of  gravity  and  metacentre 
closer  together.  It  is  plain  that  this  could  only  be  done  at  the  cost  of 
some  stability,  and  this  contingency  would  require  very  serious  con- 
sideration if  the  vessel  to  be  treated  happened  to  be  a  racing  yacht; 
and,  moreover,  the  very  stiffness  which  caused  the  yacht  to  roU  quickly 
and  uneasily  when  nearly  before  the  wind,  would  tend  to  keep  her 
steady,  by  admitting  of  a  great  press  of  canvas  being  carried,  when  she 
had  the  wind  abeam  or  forward  of  the  beam.  Thus,  so  far  as  the  uneasy 
rolling  of  racing  yachts  is  influenced  by  a  low  centre  of  gravity,  no  remedy 
is  admissible. 

A  vessel's  period  of  rolling  can,  however,  be  governed  to  a  small 
extent  by  her  transverse  radius  of  gyration;  and,  indeed,  her  ''period" 
is  calculated  from  her  transverse  radius  of  gyration  and  from  her  meta- 
centric height.  However,  the  calculation  of  the  transverse  radius  of 
gyration  would  be  much  too  complex  a  matter  to  venture  upon,  and  the 
extent  of  the  radius  is  generally  deduced  from  an  experimental  roll  after 
the  ship  is  afloat.  For  the  purpose  of  yachts  it  will  be  sufiicient  to  know 
that  the  longer  the  radius  the  longer  will  be  the  period  of  rolling,  and  the 
radius  can  always  be  lengthened  by  transversely  spreading  out  whatever 
movable  weights  the  vessel  carries.  This,  as  a  rule,  could  not  weU  be 
effected  by  the  bs^last,  as  the  latter  is  generally  stowed  in  so  narrow 

*  It  should  be  noted  th&t  it  is  these  lifting  motions  which  cause  the  most  disagreeable 
aensationB  in  seaaickneBs. 
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a  space  that  to  "wing "  it  out  would  involve  its  being  lifted  several  feet  ; 
and  such  an  alteration  in  the  stowage  of  the  ballast  woald^  of  course^ 
seriously  affect  a  vessel's  stability.  However,  when  a  vessel  is  likely 
to  be  a  considerable  time  with  the  wind  aft,  or  on  the  quarter  in  a 
sea,  the  rolling  may  be  slightly  influenced  by  stowing  her  spare  sails, 
chains,  anchors,  or  gear  in  her  sides  or  '^  wings/' 

The  pitching  which  sometimes  accompanies  rolling,  is  an  uneasy 
twisting  motion  largely  influenced  by  the  relative  position  of  her  centres 
of  gravity  of  the  immersed  and  emersed  wedges.  This  influence  has 
already  been  explained,  and  aU^  we  need  point  out  here  is  that  eveiy 
effort  should  be  made  to  bring  those  centres  as  near  together  as 
practicable. 

Although  yachts,  owing  to  their  great  metacentric  height,  their  form. 


^-^^ 


FiQ.  45. 

and  the  length  of  their  masts  (the  latter  lengthening  out  the  vertical  radius 
or  gyration),  are  more  or  less  subject  to  uneasy  rolling,  yet  in  some  respects 
their  form  below  water  is  conducive  to  easy  rolling.  In  Fig.  45,  let  0  be 
the  transverse  section  of  some  vessel,  such  as  a  raft ;  such  a  vessel  would 
have  great  initial  stability,  and  she  would  practically  always  lie  on  the 
surface  of  large  waves  (as  shown  in  the  figure),  with  a  tendency  to  roll  with 
the  slope  of  the  waves.  This  would  be  the  action  of  such  a  vessel  on 
very  large  waves  whose  ''period''  much  exceeded  her  own.  But  her 
"period"  would  be  very  limited,  and  if  she  got  among  small  waves  of  her 
own  period  her  rolling  would  be  violent,  "  jerky,"  and  dangerous. 

Next  take  the  case  of  a  body  such  as  K,  of  no  stability,  floating  edge- 
ways in  the  water ;  such  a  form,  instead  of  keeping  normal  to  the  wave's 
surface,  will  retain  the  position  it  had  before  the  water  was  formed  into 
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waves.  Sapposing  the  wave  to  be  travelling  in  the  direction  of  the  arrow, 
its  tendency  would  be  to  turn  the  raft  over  in  the  direction  of  its  own 
motion  or  slope ;  whereas  the  influence  will  have  an  exactly  opposite 
direction  on  K,  and,  in  fact,  be  tending  to  turn  her  against  the  slope  of  the 
wave.  These  contrary  tendencies,  explained  by  the  fact  that  if  a  body  such 
as  K  were  oscillating  large  bodies  of  water  would  be  set  in  motion,  will 
exemplify  the  influence  a  keel,  great  rise  of  floor,  dead  wood,  bilge  keels  or 
centre  boards  have  on  steadiness  when  a  ship  is  among  waves  where  she 
would  roll  considerably,  for  it  is  plain  that  if  K  were  flxed  underneath  O, 
its  effects  would  be  to  prevent  O  rolling  so  far  with  the  wave.  Thus,  the 
influence  of  a  keel  is  to  retard  rolling ;  that  is  to  say,  it  would  prevent  her 
rolling  to  so  great  an  angle  as  she  otherwise  would,  and,  at  the  same  time, 
render  her  time  for  completing  a  roll  longer ;  thus  it  would  tend  to  produce 
steadiness.  It  should  be  remembered  that  a  vessel's  ''period"  or  time 
consumed  in  making  a  double  roll  is  practically  the  same,  whether  she 
oscillates  through  an  arc  of  40^  or  10^. 

From  what  has  been  said,  it  will  be  seen  that  the  tendency  a  flat- 
floored  vessel  has  to  roll  is  very  much  checked  by  the  presence  of  her  keel, 
but  that  keel,  if  weighted,  or  if  composed  of  iron  or  lead,  would  (whilst 
still  opposed  by  the  resistance  of  the  water  to  its  own  motion)  be  a  means 
of  accelerating  the  vessel's  oscillations,  as  it  would  lower  her  centre  of 
gravity,  and  thus  shorten  her  "  period."  The  bad  effect  of  lead  or  iron  on 
the  keel  of  flat-floored  shallow  vessels,  under  conditions  which  render  a 
certain  extent  of  rolling,  with  a  following  sea,  a  quarter  sea,  or  beam  sea, 
is  well  known.  By  lessening  the  vessel's  ''period"  (through  increasing 
the  metric  centric  height)  her  rolling  becomes  more  rapid  or  violent ;  or, 
for  the  sake  of  illustration,  say  the  range  of  her  rolling  is  20^  from  the 
vertical  each  way,  equal  to  an  arc  of  40** ;  she  may  go  through  that  arc 
in  five  seconds  without  a  metal  keel,  and  through  the  same  arc  in  three 
seconds  after  one  has  been  fitted.  On  the  other  hand  a  heavy  metal  keel 
may  be  desirable  to  give  a  vessel  a  necessary  amount  of  stability ;  this  is 
especially  the  case  in  steam  yachts,  and  it  is  a  satisfaction  to  know  that  if 
such  a  metal  keel  is  used  in  conjunction  with  bilge  keels,  the  result  will 
be  to  enhance  the  apparent  effect  of  the  latter.  It  should  also  be  noted 
that  placing  a  portion  of  a  vessel's  ballast  below  her  centre  of  gravity 
would  tend  to  lengthen  her  radius  of  gyration,  and  this  in  a  small 
degree  would  lessen  the  bad  effect  of  increasing  the  metric  centre 
height.  Great  objection  has  been  made  to  bilge  keels  on  the  grounds  that 
they  injuriously  affect  speed,  steering,  &c.  These  objections  are  only  true 
of  bilge  keels  when  they  are  too  long  or  not  fitted  parallel  to  the  motion  of 
the  water  disturbed  by  the  ship;  and  in  the  case  of  properly  arranged  bilge 
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keels  the  effect  on  resistance  or  speed  is  almost  entirely  frictional^  just  the 
same  as  tliat  of  an  ordinary  keel  which  occupies  the  fore  and  aft  centre 
line  of  a  vessel. 

It  has  been  said  that  the  period  of  a  ship's  rolling  should  exceed 
the  period  of  the  waves  (that  is,  the  time  or  period  the  wave  takes  to  travel 
its  own  length),  and  there  can  be  no  doubt  as  to  the  truth  of  this.  If  the 
period  of  the  unresisted  rolling  of  the  ship  in  smooth  water  be  similar  to 
the  wave  time  in  which  she  is  placed,  she  would  ultimately  turn  completely 
over,  as  the  extent  of  her  roll  would  constantly  increase  in  proportion  to 
the  slope  of  the  waves.  But  ships  are  so  formed  that  the  period  of  this 
unresisted  rolling  is  always  extended.  "Unresisted  rolling"  supposes 
that  no  water  will  be  set  in  motion  by  the  oscillations  of  the  ship,  but,  as  a 
matter  of  fact,  a  very  large  body  of  water  is  set  in  motion  by  the  keel,  the 
dead  wood,  and  the  skin  resistance  each  time  a  vessel  oscillates,  the  effect 
of  which  will  be  to  modify  the  rolling  or  extend  the  period;  and,  moreover, 
waves  of  uniform  length,  and  consequent  uniform  period,  are  never  met 
with ;  so  the  danger  spoken  of,  arising  from  infinitely  increased  rolling, 
can  be  regarded  as  a  theoretical  one.  The  most  that  can  be  said  is,  that 
the  vessel  whose  unresisted  time  of  oscillation  agrees  with  that  of  the 
waves  she  is  amongst  will  always  have  her  extreme  angle  of  roll  limited  in 
proportion  to  the  keel  and  other  resistances. 

There  is  no  doubt,  however,  that  at  some  time  or  the  other  a  vessel 
will  get  amoDg  waves  of  her  own  period;  these  will  be  readily  understood 
upon  studying  the  table  of  lengths  of  waves  and  their  periods  at  the  end  of 
this  chapter.  Every  one  who  is  accustomed  to  the  sea  will  have  noticed 
that  a  vessel  when  among  waves  of  a  certain  form  and  length  will  roll 
violently ;  and  yet  when  among  some  larger  or  perhaps  smaller  waves  the 
rolling  will  be  comparatively  easy.  In  waves  say  of  40ft.  length  or  under 
a  shallow,  stiff  vessel  of  say  20ft.  beam  would  roll  very  little ;  whereas  a 
vessel  of  10ft.  beam  would  roll  excessively.  On  the  other  hand  the  stiffer 
vessel  might  be  the  worst  roller  in  waves  of  80ft.  length. 

It  follows  that  a  ship  rolling  among  waves  will  have  an  upright 
position,  and  in  the  case  of  such  forms  as  0  and  K  (Fig.  45)  these  upright 
positions  would  occur  in  the  trough,  a,  or  on  the  crest,  h,  of  the  wave. 
In  the  case  of  0,  her  great  stability  would  keep  her  normal  to  the  waves, 
whilst  K,  conforming  to  the  motion  of  the  water,  moving  from  left  to  right 
in  the  direction  of  the  arrow,  would  incline  against  it  as  before  explained. 
The  case  of  K  is  equal  to  that  of  a  vessel  whose  unresisted  period  to  the 
wave  period  is  as  \/*T  1 .  Now,  if  the  period  of  the  vessel  is  not  equal  to 
this  value,  she  will  have  her  vertical  positions  before  the  trough  or  crest  of 
the  wave  reaches  her  at  c  or  d,  and  her  greatest  angle  of  roll  will  exceed 
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that  of  the  slope  of  the  wave,  and  occur  after  the  trough  or  crest  has 
passed  her  at  e  or  /;  so  that  there  would  be  danger  of  the  crest  of  a  wave 
breaking*  aboard.  If,  on  the  other  hand,  the  period  of  the  vessel  exceeds 
the  proportion  stated,  the  vertical  position  will  occur  at  g,  h,  after  the  crest 
or  trough  of  the  wave  has  passed  her,  and  consequently  the  angle  of  her 
greatest  roll  will  not  equal  the  steepest  slope  of  the  wave  as  shown  at  i,  j. 

To  illustrate  the  danger  a  vessel  might  be  subject  to  when  carry- 
ing canvas  in  a  beam  sea,  it  can  be  presumed  that  the  vessel's  maximum 
stability  is  reached  at  an  inclination  of  20^,  and  that  it  vanishes  altogether 


Fig.  46. 

at  40°.  Then,  if  the  vessel  were  carrying  canvas  which  would  keep  her  to 
a  permanent  heel  of  10°,  any  sudden  application  of  that  force  after  a  lull 
would  carry  her  to  20°,  or  a  sudden  gust  might  do  so ;  if,  also,  her  greatest 
angle  of  roll  equalled  the  greatest  slope  of  the  wave  (assumed  to  be  20°), 
and  if  this  roll  took  place  at  a  time  when  the  vessel  was  struck  by  the 
squall,  it  is  plain  that  her  heel  would,  relative  to  the  slope  of  the  wave, 
equal  40°,  and  she  would,  in  fact,  upset.  {See  Fig.  46.)  However,  so  far 
as  English  yachts  are  concerned,  this  is  a  purely  hypothetical  case,  and  the 
illustration  is  merely  given  to  point  out  a  danger  that  a  vessel  or  open  boat 
with  a  very  limited  range  of  stability  may  be  subjected  to. 
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It  has  been  explained  that  yachts  have  a  tendency  to  roll  with  the 
waves,  like  the  raft  O,  and  that,  owing  to  their  keel  and  dead  wood  resist- 
ance, illustrated  by  K,  they  also  have  a  tendency  to  resist  rolling  with  the 
waves.  But  the  effect  of  K  on  the  keel  cannot  be  regarded  as  the  result 
of  an  active  force  such  as  that  of  the  stability  of  a  vessel,  which  causes  her 
to  keep  normal  to  the  wavers  surface,  or  to  regain  an  upright  position  after 
being  heeled ;  the  keel,  by  being  moved  against  the  water,  moderates  or 
retards  the  heeling  or  rolling  of  the  vessel  only  in  proportion  to  its  surface 
and  the  velocity  with  which  it  is  moved;  and  by  the  same  reasoning  it 
retards  the  vessel  regaining  an  upright  position  after  being  heeled  or 
rolled.  Thus,  a  deep  keel,  or  centre  board,  or  great  rise  of  floor,  will 
tend  to  modify  the  excessive  rolling  due  to  the  vesseFs  period  equalhng 
that  of  the  waves,  and  will  generally  have  a  steadying  effect  on  a  vessel 
when  rolling  broadside  on  to  the  waves ;  but  it  must  be  clearly  understood 
that  a  deep  keel  or  centre  board  would  not  prevent  a  vessel  heeling  under 
the  influence  of  a  wind  pressure  on  her  canvas ;  it  would  cause  the  process 
of  heeling  to  be  slower,  but  nothing  more ;  unless  in  the  case  of  a  centre 
plate  it  were  made  heavier  than  water — of  iron  or  lead^  for  instance — ^then 
lowering  it  would  lower  the  centre  of  gravity,  and  so  add  to  the  general 
stability  of  the  vessel.  If  made  of  wood,  or  of  a  material  lighter  than 
water,  lowering  it  would  still  tend  to  retard  the  rolling  and  render  the 
process  of  heeling  slower;  but  it  would  also  somewhat  lower  the  centre 
of  buoyancy  of  the  vessel,  and  thus  in  a  small  measure  decrease  her 
stability. 

Frequently,  a  yacht's  tendency  to  "  yaw  '*  is  much  more  troublesome 
and  dangerous  than  her  uneasy  oscillation.  This  tendency  is  most  marked 
when  the  vessel  is  running  with  the  wind  more  or  less  on  the  quarter ;  and 
if  the  steering  be  not  skilful,  she  may  either  "  come'  to  "  so  mach  as  to  be 
in  danger  of  broaching  to,  or  fall  off  so  as  to  be  in  peril  of  gybing,  either 
of  which  operations  might  be  attended  with  very  serious  consequences.  A 
vessel  is  most  likely  to  "  come  to  "  or  come  nearer  the  wind  when  going 
down  the  slope  of  a  wave  and  near  the  trough,  and  fall  off  when  near  or 
rising  to  the  crest  of  a  wave.  The  tendency  to  yaw  will  be  most 
pronounced  in  a  vessel  which  is  very  full  aft,  or  which  has  a  very  raking 
stempost  and  "rockered"  keel,  and  whose  heel  and  forefoot  are  con- 
sequently much  rounded  away.  A  large  quantity  of  dead  wood  aft  or 
drag  will,  on  the  whole,  modify  yawing;  and  a  much  rockered  keel  or 
very  great  rake  of  sternpost  should  be  avoided  if  steadiness  on  a  course 
is  desired. 

For  the  full  mathematical  consideration  of  rolling  reference  can  be 
made  to  the  researches  of  Mr.  Fronde,  Mr.  Bankine,  and  Mr.  Scott  Russell, 
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published  in  the  Transaction  of  the  Institution  of  Naval  Architects, 
1861,  1862,  1863,  1864,  1875;  Naval  Science,  1873,  1874,  1875;  and  to 
Sir  W.  H.  White's  ''  Naval  Architecture." 


Table  of  Lengths  of 

Waves, 

THEIR  Velocity  and  Period. 
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24 
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10 
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25 
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11 
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26 
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12 
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27 
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13 
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28 

47-26 
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14 
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29 

48-95 

9-54 
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15 

25-32 

4-93 

505-7 

30 
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The  height  of  waves  to  some  extent  depends  upon  their  length,  and 
also  on  the  depth  of  water,  the  waves  made  in  shallow  water  being 
comparatively  short,  steep,  and  deep.  The  table  which  follows  has  been 
compiled  from  data  found  in  Sir  W.  H.  Whitens  well-known  Manual  of 
Naval  Architecture. 


Length!  of  Waves 
a79  obserYatkmB). 

Height  of  Warea. 

Minimum. 

100ft.  and  under    

20ft. 
22ft. 
30ft. 
24ft. 
33ft. 
34ft. 

3-3ft. 

5-Oft. 

75ft. 

100ft. 

6ft. 
10ft. 
12ft. 
15ft. 

100ft.  to  200ft 

200ft.  to  300ft 

300ft.  to  400ft 

400ft.  to  500ft 

12-5ft.                 21ft. 
16-2ft.        1         28ft. 

500ft.  to  600ft 

1 

The  height  of  ordinary  waves  appear  to  range  between  one-twentieth 
and  one-thirtieth  of  their  lengths. 
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CHAPTER  V. 
CENTRE  OF  LATERAL  RESISTANCE. 


Latebal  resistance  is  the  resistance  the  water  offers  to  a  vessel  being 
moved  sideways  or  laterally;  this  lateral  or  broadside  motion  when  a 
vessel  is  underway  is  usually  termed  leeway,  and  is  at  right  angles,  or 
nearly  at  right  angles,  to  her  forward  or  direct  motion ;  thus  the  resistance 
to  leeway  is  properly  described  as  ^Hateral  resistance/*  The  centre  of 
lateral  resistance  is  usually  understood  to  mean  the  centre  of  the  vertical 
longitudinal  section  of  the  immersed  portion  of  the  vessel,  including  the 
rudder.  In  other  words,  this  immersed  longitudinal  section  is  assumed  to 
be  a  plane ;  and  if  this  plane  be  moved  through  the  water  in  a  direction  at 
right  angles  to  its  own  (the  plane's)  surface,  then  the  resultant  of  the 
resistance  it  will  meet  with  will  act  through  its  centre.  For  instance, 
let  Fig.  47  be  the  immersed  longitudinal   section   of  a  vessel   with   its 


Pio.  47. 

centre  at  x.  If  a  towing  line  were  attached  to  the  point  x,  the  vessel  or 
plane  would  be  towed  laterally  or  '' broadside  on"  through  the  water, 
without  exhibiting  any  tendency  to  turn  one  way  or  the  other ;  in  fact,  the 
plane  representing  the  longitudinal  section  of  the  vessel  would  keep 
normal,  or  at  right  angles  to  the  towing  line.  But  if  the  towing  line 
be  attached  farther  aft,  then  on  being  towed  the  stem  would  come  roand 
towards  the  line;  or  if  attached  farther  forward,  the  bow  would  turn  i-ound 
towards  the  line.* 

*  A  simple  experiment  oondnoted  as  indicated  with  any  model  and  piece  of  string  wiU 
<letermine  the  oentre  of  lateral  resistanoe,  disregarding  any  variation  in  aetnal  position  which 
might  be  dne  to  forward  motion,  and  which  motion  would  not  be  given  to  the  model  during  the 
broadside  towing.  The  centre  can  alao  be  found  by  the  practical  method  described  farther  on 
among  the  yariouB  rules  for  determining  the  qualities  of  a  yesseL 
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In  caJcoIating  the  centre  of  lateral  resistance  of  a  ship  or  yacht^ 
it  is  always  assomed  that  a  plane  has  to  he  dealt  with^  and  the  immersed 
yertical-longitadinal  section  is  taken  as  that  plane.  As  a  matter  of  fact^  the 
centre  of  this  plane  would  not  be  the  centre  through  which  the  resultant 
pressure  on  the  side  of  the  ship  would  act.  Owing  to  the  varying  form 
of  a  ship  or  yacht^  it  is  almost  impossible  to  determine  by  calculation  the 
point  through  which  the  resultant  of  the  horizontal  pressure  of  the  water 
actaally  acts;  and^  moreover^  if  the  exact  point  could  be  readily  determined^ 
the  knowledge  of  it  would  be  of  small  practical  value^  for  the  reason  that^ 
owing  to  the  motion  of  the  vessel  ahead  in  a  line  with  her  keel,  there  is 
an  exc^  of  pressure  on  the  bow  and  a  constantly  decreasing  pressure 
towards  the  stem ;  the  bow  is  continually  entering  "  solid  "  water,  whilst 
towards  the  stem  the  water  becomes  more  and  more  disturbed  ;  and 
beyond  this  there  will  be  an  accumulation  of  water  rising  on  the  lee  bow 
which  has  the  effect  of  altering  the  form  of  the  immersed  portion  of  the 
vessel,  and  of  adding  to  the  pressure ;  this  of  itself  carries  the  centre 
farther  forward.  And  further,  even  supposing  the  centre  of  pressure 
conid  be  accurately  calculated  for  the  upright  position,  it  would  be 
useless  for  any  other  position  of  the  vessel,  as  a  different  portion  of  her 
hull  would  be  inmiersed,  or  its  position  relative  to  the  horizon  altered, 
each  time  the  vessel  rolled  or  heeled. 

For  practical  purposes,  however,  it  is  found  useful  to  treat  the 
centre  of  the  plane  as  if  it  were  the  true  centre  of  lateral  resistance, 
as  will   be  hereafter  shown  in  dealing  with  the  centre  of  effort  of  the 


^g.  48  is  the  midship  section  of  a  yacht  inclined  to  20°,  and  the  large 
arrows  indicate  the  direction  the  resistance  offered  by  the  water  to  the 
horizontal  or  broadside  motion  of  the  vessel.  It  will  be  seen  that  the 
upper  part  or  immersed  side  of  the  vessel  presents  a  very  effective  surface  for 
resistance;  but  it. is  not  so  with  the  lower  part,  between  the  bilge  a  and  the 
garboard  b.  From  a  mathematical  consideration  of  the  resistance  of  fluids, 
we  are  taught  that  if  a  b,  representing  a  portion  of  the  huU  (Fig.  48),  is  a 
plane  moving  in  a  fluid  in  the  horizontal  direction  6  c,  then  no  more 
particles  meet  the  plane  than  will  meet  the  perpendicular  a  c ;  and  therefore 
the  resistance  is  diminished  asabtoac,  orasl  to  sine  of  angle  made  by 
a  6  to  direction  of  motion. 

The  other  portions  of  the  hull  between  a  and  the  water  surface  would 
be  treated  in  the  same  way,  also  the  keel  represented  by  6  d ;  thus  for  the 
keel  e  c  will  be  the  effective  surface  for  lateral  resistance.  Now  assume  that 
the  straight  portion  of  the  curve  a  b  had  been  continued  in  a  straight  line  to 
/,  it  is  evident  that  a  c  would  be  increased  to  a  g;  and  in  like  ratio  e  c  would 
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he  decreased  to  e  g.  So  far  there  would  seem  to  be  no  advantage  gained 
by  carrying  the  section  in  a  straight  line  to  /,  and  it  is  pretty  certain  that 
in  the  angle  at  /  some  dead  water  would  be  carried  along^  and  on  the  whole, 
the  surface  for  frictional  resistance  to  forward  motion  would  be  greater  with 
an  angulated  garboard  than  with  a  curved  one.  There  yet  is  another  pressure 
at  work^  the  result  of  the  reaction  of  the  horizontal  pressure  on  ab,  or  b  d; 
this  resultant  accumulates  vertical  pressure  shown  by  the  little  arrows; 
these  upward  pressures  (which  will  be  minus  on  the  weather  side)  whilst 
increasing  the  ardency  of  the  lateral  resistance  will  add  somewhat  to  the 
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stability,   and  the  flatter  the   floor  the  nkore   considerable   the  addition 
will  be. 

It  can  be  seen  that  a  flat  surface  (such  as  the  dead  wood  aft  the  keel, 
and  the  flat  sides  of  the  entrance)  is  more  effective  for  lateral  resistance 
than  a  concave  or  convex  one;  and  this  fact  partly  explains  why  it  is 
that  a  boat  fitted  with  a  centre-board,  as  a  rule,  makes  less  leeway  than 
a  fixed  keel  boat  in  proportion  to  the  total  area  of  their  vertical- 
longitudinal  plane.     It  is  true  that  in  a  flat  floored  centre-boarder  a  c 
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would  be  still  shorter  at  25°  inclination ;  but  then  a  centre-board  boat  is 
not  usually  sailed  to  an  inclination  exceeding  15°,  so  the  pressure  on  df 
(representing  the  board  and  dead  wood),  being  more  nearly  at  right 
angles  to  the  direction  of  motion,  would  thus  be  intensified.  It  should, 
however,  be  stated  that  the  lateral  resistance  due  to  friction,  although 
small  would  be  augmented  by  a  flat  floor  or  the  concave  surface  of  a 
hollow  garboard. 

If  it  were  desired  to  attempt  an  accurate  computation  of  the  resistance 
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of  the  surface  of  the  hull  in  a  lateral  direction  the  various  cross  sections  at 
a  given  angle  of  heel,  or  in  the  upright  position,  could  be  sub-divided  at 
equal  vertical  distances  as  represented  by  the  horizontal  lines  a,  6,  c,  d, 
drawn  parallel  to  the  water  surface  (Fig.  49  which  shows  a  method 
adopted  by  Mr.  Benjamin  Martel).  The  average  angle  of  the  section 
with  the  horizontal  lines  as  b  e  f,  c  g  hy  and  d  i  j,  would  then  be 
measured  and  the  pressure  on  each  angular  surface,  as  on  e  /,  say,  computed 
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by  the  factors  given  in  the  table  for  the  approximate  law*  of  variation  of 


10°. 

20°. 

3€P. 

40°. 

5<P. 

60°. 

70°. 

80°. 

90=>. 

Approximate  Law 

Law  of  Sines    

Law  of  Square  of  Sines 

•220 
•174 
•030 

•440 
•342 
•117 

•640 
•500 
•250 

•800 
•643 
•413 

•900 
•766 
•587 

•930 
•866 
•750 

•960 
•940 
•884 

•980 
985 
•970 

1-000 
1-000 
1-000 

pressure  on  oblique  surfaces.  It  would,  however,  be  quite  safe  to  take 
the  perpendicular  a  d  as  the  sum  of  the  pressures,  a  d  being  nearly 
the  average  sine  of  the  various  angles  between  /  and  i.  A  method  for 
estimating  the  efEective  surface  for  lateral  resistance  for  any  given  angle 
of  heel  would  be  to  find  a  d  for  each  section  in  the  body  plan  at  that  given 
angle  of  heel,  and  substitute  a  d  for  the  ordinates  used  in  the  example  for 
^Iculatiug  lateral  resistance  given  later  on ;  but,  as  a  means  of  comparing 
the  efEective  area  for  lateral  resistance  one  yacht  with  another,  the  upright 
position  can  be  used  unless  it  is  desired  to  see  the  difEerence  in  lateral 
resistance  between  one  yacht  heeled  say  to  15°  and  another  to  20°. 

It  will  be  gathered  that  lateral  resistance  will  always  be  greatly 
governed  by  the  stability  of  the  vessel,  for  it  is  plain  that  the  more  upright 
a  vessel  can  be  kept,  the  greater  distance  a  d  (Fig.  49)  will  be,  and,  in 
short,  more  effective  will  be  the  whole  surface  of  the  vessel  to  resist  lateral 
motion. 

The  various  lateral  actions  of  the  water  would  have  to  be  more  or  less 
differentiated  by  the  forward  motion  of  the  vessel,  the  ultimate  effect  being 
that  the  broadside  motion  or  leeway  would  be  decreased  as  the  speed 
increased  and  also  the  resultant  pressure  of  the  water  would  be  carried 
forward  in  proportion  to  the  speed.  The  resultant  pressure  of  the  wind  on 
the  sails  would  also  be  carried  forward,  but  not  to  the  degree  that  the 
centre  of  lateral  resistance  would  be,  owing  to  the  accumulation  of  pressure 
on  the  lee  bow.  Thus  a  large  area  of  flat  surface  or  dead  wood  aft  is 
necessary,  and  whilst  it  can  be  more  easily  obtained  in  vessels  with  fine 
after  bodies,  it  is  in  them  least  required,  inasmuch  as  the  water  about  the 
sterns  of  such  vessels  would  be  less  disturbed  than  it  would  be  in  the  case 
of  vessels  with  full  after  bodies. 

In  reference  to  the  pressure  being  carried  forward  it  must  be 
considered  that  the  upper  part  of  the  dead  wood  aft,  owing  to  the  disturbed 
water  it  passes  through,  meets  with  less  pressure  than  does  the  dead  wood 
forward,  as  the  bow  is  always  entering  new  or  undisturbed  water ;  and, 
moreover,  as  before  explained,  there  is  usually  a  greater  accumulation  or 

*  For  a  great  many  years  it  was  assumed  that  the  pressure  on  oblique  surfaces  varied  as  the 
square  of  the  sine  of  inclination ;  but  the  experiments  of  Beaufoy,  Button,  Vince,  and  Froude 
show  that  the  true  pressure  varies  more  nearly  as  the  simple  sine,  the  true  law  being  very 
near  (although  not  absolutely  determined)  -that  given  in  the  table  as  the  approximate  law. 
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rise  of  water  at  the  bow.  Hence  '^  drag,"  or  a  much  greater  draught  aft 
than  forward^  has  been  found  of  great  use  in  keeping  the  centre  of  lateral 
resistance  in  a  required  distance  aft^  as  the  lower  parts  of  what  may  be 
termed  a  raking  keel  are  continually  being  moved  into  solid  or  undisturbed 
water.  This  matter  can  be  illustrated  in  this  way : — In  the  diagram 
(Fig.  50)  let  A  be  an  immersed  plane  moving  in  the  direction  of  the  arrow  s; 
and  let  it  be  assumed  that  the  plane  has  also  a  sideway  or  lateral  motion, 
as  indicated  by  t.  Next,  k  and  a  are  points  or  spots  on  the  plane,  and  x 
and  x^  are  particles  of  water.  As  the  plane  moves  forward  and  glides  past 
X  and  flj^,  the  spots  k  and  a  will  push  them  severally  on  one  side,  it  being 
always  assumed  that  the  plane  has  sideway  motion,  and  it  is  resistance 
to  this  sideway  motion  which  we  are  considering.  When  any  other 
indefinitely  near  spots  on  the  plane,  as  b  hy  arrive  abreast  of  x  and  x^,  they 
find  the  latter  receding,  in  consequence  of  the  push  they  received  from 


A 

/. 

» 

• 

• 

•^_'       3r»        i»-^    h 

•X 

• 

• 

• 

•jr./ 

Fio.  50. 

fe  and  a ;  the  result  is  that  h  and  h,  meet  with  less  resistance  to  sideway  or 
lateral  motion  than  did  k  and  a;  and  so  on  for  g  and  c,  &c.  It  is  thus 
evident  that  what  is  required  for  an  effective  surface  of  lateral  resistance  is 
not  a  number  of  spots  in  the  horizontal  direction,  ah  c  and  k  h  g,  but  a 
number  in  the  vertical  direction,  k  a.  It  would  be  found  inconvenient  to 
so  increase  the  depth  at  the  fore  end  to  obtain  an  effective  surface,  but 
fortunately  it  is  found  to  be  an  advantage  to  have  an  increase  in  depth  at 
the  aft  end.  Assume  a  triangular  piece  v  to  be  cut  off  the  fore-end  of  the 
plane  A,  and  to  be  placed  underneath  aft  as  shown  by  v  in  the  Diagram  B ; 
the  area  of  the  surface  remains  exactly  the  same,  but  a  double  number  of 
spots  as  n  TH  0  and  p  are  obtained  that  will  enter  solid  water  to  meet 
particles  of  water  as  x  x,  &c.,  as  the  plane  advances.  It  is  quite  patent 
that,  although  of  equal  surface,  the  plane  B  would  more  greatly  resist 
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lateral  motion  if  attended  by  a  simultaneous  forward  motion^  than  woold 
the  plane  A ;  and  if  the  ends  of  the  plane  had  been  reversed  so  that  the 
deep  end  came  forward,  similar  results  would  accrue,  but  as  there  would 
then  be  such  an  accumulation  of  pressure  about  the  leading  edge,  it  would 
be  almost  impossible  to  give  a  vessel  with  such  a  form  a  satisfactory  sail- 
spread.  With  the  sloping  edge  turned  forward,  a  quantity  of  what  may  be 
termed  perfect  pressure,  is  graduated  aft  j  this  feature,  coupled  with  the 
fact  that  the  centre  of  gravity  of  the  figure  is  relatively  aft,  instead  of 
relatively  forward,  as  it  would  be  with  the  ends  reversed,  admits  of  a  con- 
venient and  satisfactory  arrangement  of  sail.    • 

There  is  yet  another  strong  argument  in  favour  of  a  raking  keel, 
which  involves  a  question  of  speed.  If  the  triangle  v  were  taken  away 
from  A,  the  surface  would  be  reduced  one-fourth ;  and,  consequently,  the 
resistance  to  forward  motion,  dependent  on  surface  friction,  would  be  pro- 
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portionately  reduced.  It  might  not  be  prudent  to  make  this  reduction  of 
surface  if  the  effectiveness  of  the  lateral  resistance  were  going  to  be 
thereby  reduced;  but  the  fact  is  that  the  effectiveness  of  the  lateral 
resistance  would  be  almost  unimpaired ;  a  comparatively  useless  piece  of 
wood  would  be  removed,  and  a  positive  gain  would  ensue  in  the  matter  of 
frictional  resistance.  (A  table  for  draught  of  water  and  area  of  lateral 
resistance  will  be  found  on  page  19.) 

The  necessity  of  keeping  the  centre  of  lateral  resistance,  relatively  to 
the  length  of  the  vessel,  far  aft,  and  the  fashion  of  much  raking  the  stem- 
post,  led  builders  to  by  degrees  advantageously  increase  the  rake  of  keel, 
and  there  are  many  prevailing  examples  of  disproportionate  draught  of 
water  fore  and  aft.     (Fig.  51.) 

This  form  in  turn  gave  way  to  that  shown  in  Fig.  52,  with  a  large 
hollow  at  A. 
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The  piece  at  A  was  cut  away  to  diminish  the  wetted  surface  conse- 
quent upon  the  greater  depth  at  which  the  lead  keel  is  now  placed,  and  to 
the  fact  that  the  under  side  of  the  lead  keel  was  made  almost  parallel 
to  the  load  water  line,  in  order  that  the  general  centre  of  gravity  of  the 
keel  should  be  lower  than  it  would  in  a  form  like  Fig.  51. 

One  supposed  disadvantage — especially  in  small  boats — of  a  very  much 
cut  away  fore-foot  or  of  a  triangular  centre-plate  instead  of  a  deep  fixed 
keel,  is  that  in  very  disturbed  water  a  vessel's  head,  in  beating  to  wind- 
ward, gets  ''knocked  off  the  wind;'*  but  it  is  overlooked  that  if  the 
bQw  is  readily  knocked  off  the  wind  the  same  facility  exists  for  ''  coming- 
to  "  the  wind  during  favourable  puffs. 

A  vessel  with  a  much  raked  keel  will  probably  steer  wildly  off  the 
wind,  and  will  require  watching,  and  on  any  point  of  sailing  she  is  likely 
to  run  off  her  helm.  To  meet  these  drawbacks,  some  eastern  boats  (such 
as  those  of  Bombay)  have  cambered  keels,  i.e.,  the  reverse  of  rockered,  as 
the  back  of  the  arch  is  turned  upwards ;  and  a  few  boats  in  America  and 
in  this  country  have  been  fitted  with  double  centre  boards.  If,  as  before 
said,  a  modem  vessel  with  raking  keel  is  quick  in  falling  off,  she  will  be 
equally  sensitive  in  coming  to ;  and  a  careful  helmsman  will  take  her-farther 
to  wiiidward  in  any  given  time  than  one  of  the  older  craft  could  be  taken ; 
and  further,  the  helmsman  will  find  the  vessel  with  a  raking  keel,  when 
sailing  by  the  wind,  a  pleasant  one  to  steer;  she  will  answer  her  weather 
helm  for  a  foul  puff  with  wonderful  quickness,  or  spring  to  quickly  under 
a  little  lee  helm  for  a  free  one.  In  stays  they  spin  round  like  a  top, 
and  are  off  on  the  other  tack  almost  before  the  head  sheets  can  be 
handled. 

Hitherto  the  question  of  leeway  has  been  considered  upon  the 
asBumption  that  a  yacht  has  practically  a  level  water  surface  on  each 
side;  bat  that  is  very  far  from  the  case,  especially  at  considerable  speeds. 
A  yacht  as  she  moves  ahead  creates  a  wave  hollow  on  each  side,  and 
actually  settles  down  into  this  hollow;  and  the  surrounding  water  level 
may  be,  and  usually  is,  above  what  would  be  the  plane  of  flotation  of  the 
yacht  if  beeled  whilst  at  anchor  in  smooth  water.  But  the  wave  hollows 
are  not  uniform  in  sizer,  and  the  larger  maybe  either  to  leeward  or  to  wind- 
ward, according  to  the  form  of  the  yacht  and  the  extent  of  her  heeling.  In 
shallow  yachts  the  larger  wave  hollow  is  usually  to  leeward,  and  whether 
or  not  the  yacht  would  settle  to  leeward  as  well  as  below  the  water  surface 
would  depend  upon  the  size  of  the  wave  crest  at  bow  and  stem,  and 
whether  the  increased  pressure  from  them  exceeded  or  not  the  decreased 
pressure  caused  by  the  wave  hollow  amidships.  But  in  deep  yachts  of 
the  British  type  the  larger  wave  is  usually  to  windward  (see   Figs.    53 
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and  54) ;  the  deep  yacht  will  soak  into  the  hollow  (H,  Fig.  54)  which 
she  makes  to  windward,  providing,  of  course,  that  the  pressure  on 
the  weather  side  is  reduced  below  the  pressure  on  the  lee  side. 
Whether  the  yacht  actually  settled  to  windward  of  her  course  would 
depend  upon  the  lateral-horizontal  component  of  the  wind  pressure  on  the 
sails  (which  produces  leeway)  exceeding  the  balance  of  the  water  pressures 
on  the  hull  which  tend  to  cause  her  to  soak  to  windward  into  the  wave 
hollow ;  but  this  tendency  to  soak  into  the  wave  hollow  to  windward  must 
have  the  effect  in  some  degree  under  any  condition  to  reduce  leeway  if  it 
does  not  extinguish  it.  No  doubt  these  features  help  to  account  for 
the  weatherliness  of  some  narrow  and  deep  yachts  which  are  sailed  at 
large  angles  of  heel,  and  create  a  deep  wave  hollow  under  the  weather 
bilge. 

The  effectiveness  of  triangular  centre-boards  on  shallow  vessels  is  well 
known,  and  it  is  astonishing  how  small  a  piece  of  board  will  check  lee  way, 
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providing  the  board  is  deep  and  not  long ;  but  so  far  as  we  can  see,  if  the 
effective  lateral  resistance  of  a  deep  keel  yacht  and  her  wave-making 
features  are  exactly  the  same  as  that  of  a  centre-board  yacht,  the  latter 
should  not  obtain  any  advantage  in  plying  to  windward,  from  the  simple 
fact  that  a  portion  of  her  effective  lateral  resistance  depended  upon  a  centre- 
board. A  centre-board,  for  instance,  does  not  of  itself  enable  a  yacht  to  lay 
closer  to  the  wind  than  a  keel  yacht  can ;  but  if  two  yachts  of  the  same 
length  and  with  the  same  sail  spread  are  sailing  by  the  wind,  and  one 
has  a  smaller  displacement  than  the  other,  and  carries  her  canvas  better, 
she  will  travel  faster  through  the  water,  or  for  the  same  speed  be  able 
to  lay  closer  to  the  wind.  The  smaller  displacement  may  be  possible 
on  account  of  greater  breadth  and  smaller  depth,  the  deficiency  in  draught 
of  water  being  made  up  by  a  centre-board.  Of  course,  if  one  vessel 
carries  her  canvas  better  than  another,  she  will  be  more  upright  "when 
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sailings  and  lier  effective  lateral  resistance  will  be  greater^  whether  she  has 
or  has  not  a  centre-board. 

Thus  the  effect  of  a  centre-board  will  not  be  so  apparent  in  holding  a 
deep  bodied  craft  with  great  rise  of  floor  as  the  effect  of  a  similar  board  on 
a  yacht  with  a  flat  floor  and  shallow  draughty  for  the  principal  reason  that 
the  centre-board  in  a  shallow  yacht  bears  a  much  larger  proportion  to  the 
effective  plane  area  for  lateral  resistance  than  it  does  in  a  deep  bodied  yacht 
with  great  rise  of  floor.  Indeed^  this  proposition  can  be  taken  as  a  truism; 
bat  it  does  not  mean  a  centre-board  will  have  no  effect  at  all  on  a  yacht 
with  great  rise  of  floor,  although  we  believe  that  was  nearly  the  conclusion 
arrived  at  in  the  case  of  the  Ivema.  As  a  matter  of  fact,  the  influence  of 
a  centre-board  in  preventing  leeway  should   be  directly  as  its  effective 
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surface,  or  as  its  area  and  the  angle  it  is  employed  at  by  reason  of  the 
heeling  of  the  yacht.  At  a  speed  of  eight  knots  an  hour  an  English  cutter 
of  the  deep-bodied  type  of  80ft.  load  line  without  a  centre-board,  has  a 
lateral  resistance  which  admits  of  an  angle  of  leeway  of  about  a  quarter  of 
a  point,  or  nearly  3°,  equal  to  300  yards  in  a  reach  of  three  miles.  If  a 
board  be  added  whose  effective  area  is  equal  to  one-sixth  the  effective  plane 
area  for  lateral  resistance  of  the  yacht,  the  angle  of  leeway  would  be 
reduced  one-sixth  approximately,  or,  say,  by  50  yards  (making  the  angle 
of  leeway  2^°  only).  In  the  case  of  the  very  shallow  type  of  yacht,  tbe 
area  of  the  centre-board  is  often  as  much  as  one-third  the  area  of  the 
assumed  plane  of  lateral  resistance  of  the  yacht  (usually  termed  the 
"immersed  vertical-longitudinal  section''  of  the  sheer  plan) ;  and  we  believe 
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that  in  the  modem  American  type  of  yacht,  like  Volunteer,  Mayflower,  or 
Vigilant,  the  board  area  is  about  one-sixth  the  area  of  the  assumed  plane  of 
lateral  resistance.  It  would  be  almost  impossible  to  accurately  calculate 
the  effective  area  for  lateral  resistance  of  a  shallow-bodied  yacht;  but 
in  a  deep-bodied  yacht  with  great  rise  of  floor,  it  exceeds  somewhat  the 
assumed  area. 

From  the  foregoing  it  will  be  understood  that  the  effect  of  a  diminutive 
centre-board,  bearing  a  relatively  small  proportion  to  the  effective  plane 
area  (not  to  be  confounded  with  the  assumed  plane)  of  lateral  resistance 
of  a  deep-bodied  yacht,  has  such  a  trifling  effect  on  leeway  that  it  might 
well  escape  observation.  For '  instance,  if  leeway  be  only  reduced  to  the 
extent  of  half  a  degree,  the  distance  saved  to  windward  on  a  reach  of  three 
miles  would  be  about  50  yards,  disregarding  the  retardation  of  speed  due 
to  the  f  rictional  resistance  of  the  board  and  the  water  playing  in  the  trunk. 
This  latter  retardation  of  speed,  in  a  vessel  with  a  very  raking  fixed  keel, 
might  be  considerable,  and  more  than  counterbalance  any  advantage  of 
slightly  increased  weatherliness  due  to  the  board.  Thus,  if  six  reaches 
were  made,  each  three  miles  in  length,  the  total  distance  saved  would  be 
about  one- sixth  of  a  mile,  or  a  little  more  than  a  minute  in  time,  if  the 
speed  equalled  eight  knots  an  hour.  Of  course,  relative  weatherliness  in 
different  yachts  does  not  depend  entirely  upon  resistance  to  leeway.  The 
stability  and  wave-making  features  of  the  hull  (see  pages  72  and  76),  and 
f  rictional  qualities  of  the  skin,  the  sit  and  trim  of  the  sails,  and  the  capa- 
bilities of  the  helmsman  would  have  a  great  deal  to  do  with  the  matter ; 
but  if  all  these  things  were  equal,  then  the  saving  in  time,  by  adding  a 
centre-board  as  described  to  a  deep-bodied  yacht,  would  be  as  we  have 
stated,  disregarding  any  retardation  of  speed  due  to  the  frictional 
resistance  of  the  board  and  the  obstruction  offered  by  the  trunk. 

However,  for  reasons  not  easily  explainable,  the  qualities  are  often  not 
equal,  even  in  cases  where  there  was  every  reason  to  suppose  they  would  be. 
We  frequently  find  a  yachl  of  superior  under- water  depth  and  area  of  surface 
for  lateral  resistance,  not  so  weatherly  as  another  of  inferior  depth  and  area 
as  stated.  Also  it  frequently  happens  that  of  two  yachts  of  similar  length, 
breadth,  and  draught  of  water,  that  the  one  of  lighter  displacement  will  be 
the  more  weatherly ;  or  it  may  be  that  the  heavier  of  the  two  shows  this 
quality  in  a  greater  degree.  In  such  cases  it  will  generally  be  found,  that 
if  the  yacht  of  lighter  displacement  is  the  more  weatherly,  that  she  is  the 
stiff  er  of  the  two ;  she  either  carries  a  greater  weight  of  ballast  in  proportion 
to  the  total  displacement,  or  has  a  higher  centre  of  buoyancy,  or  both. 
On  the  other  hand,  the  yacht  of  heavier  displacement  might  excel  in  those 
attributes,  and  in  such  a  case  ought  to  be  more  weatherly. 
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Bat  the  cause  of  a  deficiency  in  weatherliness  may  be  attributable  to 
some  fault  in  the  form  of  the  hull  of  the  yacht,  or  to  the  make,  disposition, 
or  sit  of  her  sails.  As  already  stated,  if  a  yacht  makes  a  large  hollow 
wave  to  leeward  along  her  mid-length,  she  must  lose  somewhat  in  general 
pressure  on  that  side,  if  the  loss  should  not  be  balanced  by  an  increased 
pressure  from  the  wave  crests  at  bow  and  stem  (see  page  76),  and  her  lee 
way  would  be  thereby  increased ;  but  if  the  large  hollow  wave  is  made  to 
windward,  that  might  be  a  cause  for  increased  weatherly  qualities,  as  the 
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removal  of  pressure  on  the  weather  side  would  be  equal  to  an  increase  of 
pressure  on  the  lee  side,  and  cause  the  yacht  to  soak  to  windward  into 
her  wave  hollow.  (See  Pig.  54).  These  features  would,  however,  be 
subject  to  some  modification  in  a  yacht  fitted  with  a  centre-board.  In 
the  case  of  a  shallow  yacht  making  the  larger  wave  to  leeward,  a  board 
deeply  immersed  in  solid  water  would,  no  doubt,  to  some  extent  prevent 
her  sagging  into  it ;  and  a  similar  effect  of  the  board  (see  Fig.  55)  will 
prevent  a  deep  yacht  of  large  displacement  soaking  into  the  wave  hollow 
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which  she  makes  to  windward.  This,  no  doabt,  will  in  a  considerable 
degree  explain  why,  in  a  deep  heavy  yacht  with  comparatively  large  wave- 
making  features,  the  board  is  apparently  less  effective  than  it  is  in  a  lighter 
and  shallower  yacht  with  smaller  wave-making  features ;  in  other  words, 
the  board  might  make  a  heavy  deep  yacht  less  weatherly  than  she  would 
be  without  it,  irrespective  of  the  obstruction  it  would  offer  to  speed. 

With  regard  to  the  relative  merits  of  keel  and  centre-board  yachts,  it 
is  contended,  with  some  truth,  that  a  small  keel  yacht,  say  of  40ft.  load 
line,  will  appear  to  more  advantage  against  a  centre-board  yacht  of  equal 
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length,  than  a  keel  yacht  of  80ft.  load  line  does  against  a  centre-bpard 
yacht  of  80ft.  load  line,  for  the  reason  that  the  small  keel  yacht  has  greater 
relative  under- water  depth.  This  was  particularly  noticeable  in  yachts  built 
to  suit  the  old  tonnage  rule,  owing  to  the  necessity  of  great  under-water 
depth  to  compensate  for  narrowness  of  beam ;  and  although  a  narrow  yacht 
could  be  given  a  depth  which  would  admit  of  a  range  of  stability  much 
longer  than  that  of  the  shallow  centre-board  yacht,  she  could  not  be  made 
equal  to  the  centre-boards  in  the  matter  of  initial  stability,  a  quality  which 
under  some  conditions  largely  governs  weatherliness.     However,  under  the 
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existing  rules  for  the  rating  of  yachts^  there  is  no  restriction  on  beam^  and 
the  fixed  keel  yacht  can  be  made  as  stiff  (or  stiffer)  at  initial  angles  of  heel 
as  the  broader  centre-board  yacht. 

Mr.  B.  Martell  made  a  comparison  of  the  effective  lateral  resistance  of 
Thistle  and  Volunteer,  and  he  computed  that  Thistle's  effective  surface  at 
16i°  is  780  sq.  ft.,  and  that  of  Volunteer  at  15°  (minus  her  centre  board), 
634  sq.  ft.,  or,  adding  the  1 31  sq.  ft.  (area  of  the  centre-board),  768  sq.  ft. 
At  20°  inclination  their  relative  effective  surfaces  are  as  10 :  12  (see 
Fig.  56),  and  with  Volunteer's  centre-board  down  they  are  about  equal ; 
alsoi  the  immersed  half  girths  (to  leeward)  of  the  two  yachts  are  equal 
(2Uft.),  and  so  it  can  be  assumed  the  frictional  resistance  to  leeway  would 
be  alike  in  both.  It  thus  seems  plain  that  we  must  look  beyond  the 
calcalated  effective  surface  of  lateral  resistance  of  these  two  yachts  for  an 
explanation  of  the  superior  weatherly  qualities  displayed  by  Volunteer.  If 
the  superiority  is  to  be  found  in  the  hull,  it  is  probably  traceable  to  the  fact 
that  the  wave-hollows  on  the  lee  and  weather  side  of  Volunteer  were  about 
equal,  and  not  so  deep  as  those  in  Thistle ;  and  if  there  were  any  inequali- 
ties in  the  pressures  tending  to  allow  the  yacht  to  slip  into  the  hollow 
to  leeward,  her  centre-board  acting  below  in  undisturbed  water  would 
prevent  it;  and  to  this  might  be  added  that,  in  all  probability,  at  20° 
inclination,  the  general  head  resistance  of  Volunteer  would  be  the  smaller, 
although  it  seems  certain  that  in  the  upright  position  Thistle  showed  the 
greater  speed. 

Another  problem  connected  with  the  sailing  of  large  centre-board 
yachts  in  fideway  channels  with  restricted  depth  of  water,  is  one  dependent 
on  the  varying  velocity  of  the  flow  of  water  on  the  surface,  and  at  depths 
below  the  surface.  In  1856  some  experiments  were  made  on  the  Thames, 
to  ascertain  the  change  in  velocity  due  to  depth,  the  experiments  being 
carried  out  on  the  measured  mile  in  Long  Beach,  both  on  the  flood  and  ebb. 
As  the  ebb  runs  with  the  greater  velocity,  and  is  the  stream  with  which 
racing  yachts  will  be  mostly  concerned,  we  will  only  deal  with  that.  It 
should  be  mentioned  that  the  average  depth  of  the  channel  in  Long  Beach 
is  aboat  the  same  as  the  average  depth  in  Sea  Beach,  viz.,  about  30ft.  at 
low  .water,  and  45ft.  (for  an  average  tide)  at  high  water.  The  experiments 
showed  that  the  ebb  1ft.  below  the  surface  had  a  velocity  of  2*94  knots  an 
hour;  and  at  10ft.  below  the  surface  2*72  knots  an  hour;  and  at  20ft.  below 
the  surface  2*58  knots  an  hour.  The  tide  at  the  surface,  therefore,  ran 
nearly  half  a  knot  an  hour  faster  than  it  did  20ft.  below  the  surface ;  and 
at  10ft.  below  the  surface  about  one-seventh  of  a  knot  an  hour  faster. 
Now,  if  a  centre-board  yacht  with  20ft.  draught  of  water  be  beating  to 
windward  with  a  weather-going  tide  down  the  Thames,  she  would  only  be 
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aided  by  the  mean  velocity  of  the  stream,  equal  to  2' 75  knots  instead  of 
3  knots;  if  she  lifted  her  board  and  reduced  her  draught  to  10ft.  or  12ft., 
the  mean  velocity  of  the  current  she  would  be  favoured  with  would  be 
2'84  knots  or  one-tenth  of  a  knot  greater.  The  question  here  would  be 
whether  the  reduction  in  leeway,  due  to  the  influence  of  the  board,  would 
equal  the  loss  due  to  its  immersion  in  the  slower  current.  Of  course, 
with  a  lee-going  tide  the  case  would  be  exactly  reversed,  and  the  deeper 
the  board  could  be  immersed,  the  greater  its  influence  would  be  in  checking 
the  effect  of  the  faster  current  on  the  surface.  These  features  are  well 
understood  among  sailors,  or  at  least  it  is  a  matter  of  common  beUef 
amongst  them  that  a  craft  of  deep  draught  does  relatively  better  to  wind- 
ward against  one  of  shallower  draught  when  working  with  a  lee-going  tide. 
It  will  be  gathered  from  the  foregoing  that  the  true  efEect  of  a  centre-board 
on  a  vessels  normal  leeway  might  easily  be  obscured  by  causes  due  to  the 
variation  of  the  velocities  at  different  depths  of  the  stream  in  which  she 
happened  to  be  working.  The  true  efEect  of  the  board  could,  however,  be 
nearly  ascertained  at  the  time  of  slack  water.  The  general  conclusion  is 
that  the  board  should  not  be  made  full  use  of  with  a  weather-going  tide ; 
and  that  it  should  be  dropped  to  its  last  inch  with  a  lee-going  tide.  A 
secondary  effect  of  the  board  in  the  case  of  working  with  a  lee-going  tide 
will  be  produced  from  this  cause.  With  a  lee-going  tide  a  vessel  is 
continually  slipping  away  from  the  wind  or  receding  from  it;  whereas,  with 
a  weather-going  tide,  she  is  pressed  against  the  wind.  The  effect  of  this 
is  very  considerable  in  plying  to  windward.  (This  matter  will  be  found 
fully  explained  in  the  next  chapter).  In  the  Solent,  or  West  Channel,  the 
depth  of  water  is  pretty  much  the  same  as  it  is  on  the  Thames,  and  in  all 
probability  the  current  velocity  varies  much  about  the  same  at  diflFerent 
depths;  but  most  likely  there  would  be  a  different  variation  in  the 
velocities  of  flow  in  deeper  channels. 


CHAPTER  YI. 

POWER  TO  CARRY  8AIL-THE   IMPULSE  OF  THE 
WIND  AS  A  PROPELLING  POWER. 


Thb  power  of  a  vessel  to  carry  sail  is  dependent  on  her  statical  stability ; 
and^  consequently^  if  the  stability  is  known^  so  also  can  the  area  of  sail 
which  a  vessel  will  carry  with  a  given  wind  pressure  be  determined. 
Thus,  to  heel  a  vessel  to  any  given  angle,  the  moment  of  the  sails  must  be 
made  to  equal  the  moment  of  stability  at  that  angle  of  heel.     For  illustra- 


Fi».  57. 

tion,  tlie  sails  can  be  regarded  as  a  plane  surface,  and  the  wind  as  a  force 
acting*  at  right  angles  to  that  surface;  therefore,  it  is  assumed  that  the 
sails  are  trimmed  exactly  fore  and  aft.  The  resultant  force  of  the  wind 
acts  through  the  collective  centre  of  gravity  of  the  sails,  or  through  the 
centre  of  effort  of  the  sails,  as  it  is  termed,  on  a  coupling  lever,  the  length 

0  2 
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of  whicli  is  the  height  that  the  centre  of  efEort  is  above  the  centre  of  lateral 
pressure  of  the  water  of  the  hull,  termed  the  centre  of  lateral  resistance. 

If  the  wind  always  blew  at  right  angles  to  the  plane  of  a  sail,  the 
effort  of  that  wind  would  be  exerted  through  the  centre  of  gravity  of  the 
sail  plane ;  that  is,  if  the  whole  efEort  of  the  wind  were  concentrated  on 
one  point  of  the  sail,  that  point  would  necessarily  be  the  centre  of  the 
plane.  This  point  is  usually  termed  the  "centre  of  eflTort'^  of  a  sail. 
If  a  vessel  has  many  sails,  such  as  a  cutter  yacht,  Fig.  57,  the  total  efEort 
of  the  sails  is  exerted  collectively  through  a  point  which  represents  the 
centre  of  gravity  of  the  whule  of  the  sails  combined.  In  Fig.  57  the  centre 
of  efEort  of  each  sail  is  marked  at  a  6  c  d,  and  the  common  centre  of  gravity 
of  the  four  sails  lies  at  the  point  C  E,  and  this  point  is  termed  the  centee 
OF  EFFORT  of  the  sails. 

In  computing  the  moment  of  the  sails,  the  following  notation  will  be 

observed: 

A  8  Area  of  sail. 

B  =  Height  of  centre  of  effort  of  sails  above  centre  of  lateral  preesnre  on  the  immersed 

portion  of  the  yessel. 
C  =*  Pressure  of  wind  per  lb.  per  square  foot  of  oanvas. 
X  ^  Moment  of  sails. 

Then  »  «  A  x  b  x  c. 

Mr.  Fincham  calculated  that  in  yachts  lib.  pressure  per  square  foot  of 
lower  sail  ought  not  to  cause  more  than  an  inclination  of  from  6°  to  9°  in 
yachts,  but  the  improvement  in  ballasting  and  increase  of  depth  make  any 
rule  for  providing  for  safety  quite  unnecessary.  Thus,  with  a  wind  strength 
equal  to  lib.  pressure  per  square  foot,  a  modem  cutter  of  155  tons  dis- 
placement would  carry  gaff  topsail  and  jib  topsail,  and  her  whole  area  of 
sail  would  be  about  8300  square  feet.  The  centre  of  efEort  of  the  sails 
would  be  55ft.  above  the  centre  of  lateral  resistance ;  then 

8300  X  55 
55 


41500 
41500 


456500  =  moment  of  sails. 


This  sum,  divided  by  the  displacement  (expressed  in  pounds,  or 
155  tons  X  2240  =  347,2001b.)  will  give  the  length  of  the  righting  lever 
the  cutter  should  have  to  balance  the  area  of  sail  just  mentioned  with  lib. 
per  square  foot  wind  pressure  on  it. 


456500 
Bighting  lever  «  347200  "*  ^'^^^• 


This  is  nearly  the  length  of  the  righting  lever  which  the  cutter  with  3ft. 
metacentric  height  would  have  for  an  inclination  of  26° ;  and  26°  is  about 
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the  angle  of  lieel  the  cutter  would  take  with  such  canvas  on  her  as  described; 

and  if  it  carried  her  to  45^  she  still  would  be  in  no  danger  of  capsizing. 

With  lower  sail  only^  the  sail  moment  would  be  as  under  (taking  the 

pressure  as  21b.  per  square  foot).     The  area  of  her  lower  sails  would  be 

about  5600  square  feet,  and  their  centre  of  effort  44ft.  above  the  centre 

of  lateral  resistance ;  then  5600  x  44  x  2  =  492,800  =  sail  moment,  which, 

divided  by  the  displacement  in  pounds,  will  give  the  length  of  the  righting 

lever — 

Bightinff  lever  «  ^^  =  ISSft. 
847200 

which  is  about  the  length  of  righting  lever  at  26^  for  a  metacentric  length 
of  3ft. 

Several  rules  have  been  laid  down  as  ready  measures  of  a  vessel's  sail- 
carrying  power;  but  as  actual,  or  even  approximate^  stability  is  not  a 
quantity  in  any  of  the  rules,  they  are  of  little  value. 

The  only  trustworthy  formula  for  determining  beforehand  the  area  of 
sail  suitable  to  any  given  vessel  is  that  which  includes  the  height  of  the 
metacentre  above  the  centre  of  gravity.  It  has  been  shown  that,  if  a 
vessel's  metacentric  height  is  known,  her  stability  can  be  closely  approxi- 
mated for  any  angle  of  heel  it  will  be  desirable  to  sail  her  to  in  a  given 
wind  pressure.     The  righting  moment  for  any  given  angle  of  heel  will  be 

Bighting  moment  »  D  x  M  F  x.sin.  $, 

D  is  the  displacement  in  pounds  avoirdupois ;  M  P  height  of  meta- 
centre above  the  centre  of  gravity ;  sin.  0,  sine  of  angle  of  heel. 

The  cutter's  moment  to  carry  sail  at  26^  inclination  will  be  thus  com- 
puted : 

155    tons  diaplAoement. 
2240  lb.  (=  1  ton.) 

6200 
810 
810 

847200  X  MP(=8ft.) 
3 


1041600  X  sin.  tf  (»  •438). 
•438 

8332-800 
8124800 
416640  0 

456220-800  »  righting  moment  in  foot  pounds. 

This  moment^  divided  by  an  assumed  wind  pressure  per  square  foot  of  sail 
and  a  given  height  for  C.E.  above  the  G.L.B.,  will  determine  the  sail  area 
which  could  be  carried  at  the  given  angle  of  heel.     {See  page  81.) 

Hitherto  the  effective  sail  area  at  any  given  angle  of  heel  under  any 
given  wind  pressure  has  been  regarded  as  constant ;  and  so,  indeed,  it  is 
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nearly  up  to  10^  or  so ;  but^  as  a  matter  of  f act^  the  effective  sail  area  is 
constantly  decreasing  in  the  ratio  of  the  square  of  the  cosine  of  the  angle  of 
heel ;  that  is^  the  area  is  decreased  in  proportion  to  the  cosine  and  the  length 
of  the  heeling  lever  (height  of  C.B.  above  O.L.R.)  in  the  same  proportion; 
therefore  the  heeling  force  becomes  reduced  as  the  square  of  the  cosine  of  the 
angle  of  heel.  The  effect  of  this  reduction  can  be  shown  by  a  curve.  It  is 
assumed  that  the  schooner  Lyra's  lower  sail  area  of  7100  square  feet  is  acted 
upon  by  a  wind  pressure  of  21b.  per  square  foot;  her  C.E.  is  46'5ft4  above 
C.L.B.  This  gives  her  sail  moment  as  300  foot-tons  for  the  upright  position^ 
and  Lyra  would  heel  until  this  moment  became  balanced  by  the  moment  of 
stability.  It  will  be  seen  that  this  ought  to  occur  at  13^,  but,  in  reality, 
she  would  not  be  taken  to  that  angle^  but  to  the  angle  where  the  two 
curves  intersect  at  12°  15'.     {See  dotted  line,  Fig.  58.) 


Jj^(fhl§b  w 


W  ■  '  ■  ' |i  I  nil  I  I  li^ M  In 

^M       ^       W  W  9r 

LYRA  S9Z  ivnJi duffAamnmUx 
Fio.  58. 


The  effect  of  a  very  much  greater  pressure  of  wind,  equal  to  101b.  per 
square  foot — the  pressure  of  a  heavy  gale — is  shown  by  the  second  wind 
curve,  which  assumes  the  yacht  to  be  ''  caught ''  abeam,  with  four  lower 
sails  set.  Such  a  pressure  would  probably  -knock  the  yacht  down  flat  on 
her  beam  ends  if  applied  suddenly,  and  if  her  sails  did  not  split  or  rigging 
and  masts  give  way ;  she  would  then,  however,  recover  herself,  and  stick 
at  an  inclination  of  46°,  as  pointed  to  by  the  dotted  line,  until  the  wind 
pressure  moderated. 

The  bulwarks,  it  should  be  pointed  out,  will  check  the  heeling  to  sudden 
squalls,  as  will  be  seen  by  the  diagram.  The  dotted  line  A  shows  the 
angle  where  the  bulwarks  become  immersed,  and  the  increased  resistance  to 
heeling  they  would  afford.  Bulwarks,  however,  must  not  be  relied  upon  as 
an  addition  to  stability,  as  they  might  prove  treacherous.  The  instant  the 
rail  is  under  water  the  yacht  would  be,  in  effect,  reduced  to  her  actual  free- 
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board,  and  would  take  a  sudden  increase  of  heel  or  lurcli  wliicli  might  be 
highly  dangerous  in  some  vessels. 

From  the  foregoing  will  be  gathered  the  value  of  stiffness  in  a  racing 
yacht,  as  by  standing  up  to  her  canvas  she  will  have  an  undiminished  sail 
area,  and  consequently  undiminished  propulsive  power. 

The  efEect  of  the  diminished  heeling  force  of  the  wind  consequent 
upon  the  angle  the  sails  may  be  trimmed  with  the  wind  has  not  been 
considered. 

In  sailing  before  the  wind  very  diminished  speed  is  attained  to  what 
may  be  realised  with  the  wind  abeam,  assuming,  of  course,  the  sail  area  to 
be  the  same ;  the  reason  is  that  the  velocity  of  the  wind,  or  its  effective 
force,  is  diminished  by  exactly  the  speed  of  the  yacht;  or  say  the  real 
wind  is  travelling  at  the  rate  of  14  miles  an  hour,  and  the  yacht  at  the 
rate  of  eight  miles  an  hour,  then  the  apparent  wind,  which  is  impelling 
the  yacht,  will  only  have  the  speed  of  6  knots  past  her.  The  effect  of 
the  apparent  wind  on  a  yacht  can  be  thus  briefly  explained :  a  yacht 
with  1000  square  feet  of  immersed  surface  would  meet  with  a  gross 
resistance  in  the  water  of  about  4001b.  at  a  speed  of  8  knots,  and  would 
have  about  2000  square  feet  aroa  of  canvas.  If  the  wind  moved  at  a 
velocity  of  14  knots,  it  would  exert  a  pressure  on  a  Jio^  sail  of  about 
lib.  per  square  foot ;  but,  as  the  sail  is  not  fixed,  but  moves  away  from  the 
wind,  the  pressure  is  diminished  until  it  balances  a  resistance  met  with  by 
the  yacht  in  the  water  at  a  certain  speed,  say  8  knots.  At  this  speed  the 
resistance  of  a  yacht  would  probably  be  increasing  as  the  cube  of  the  speed ; 
and  as  the  pressure  on  the  sail  would  be  diminishing  as  the  square  of  the 
speed,  it  is  quite  evident  that  a  limit  to  an  increase  of  speed  before  the  wind 
is  very  suddenly  reached.  Thus,  say  it  were  desired  to  increase  the  speed 
of  the  yacht  to  10  knots,  the  resistance  she  would  meet  at  that  speed  would 
be  about  8001b.,  and  as  the  wind  pressure  on  the  sail  would  be  only  that  due 
to  a  velocity  of  4  knots  (14  —  10  =  4),  the  sail  area  would  have  to  be 
increased  to  about  8000  square  feet  to  maintain  the  10-knot  speed  of  the 
yacht.  Beyond  this  we  can  imagine  that  the  sail  area  could  be  increased 
until  the  yacht  attained  a  velocity  equal  to  the  velocity  of  the  wind, 
when  no  further  increase  of  speed  could  be  attained. 

It  can  be  seen  that  the  reason  why  a  vessel  is  driven  ahead  by  the 
action  or  pressure  of  wind  on  the  sails  would  need  no  explanation,  if  her 
course  were  always  such  that  the  wind  blew  over  her  stem.  But  the  fact 
is,  a  vessel  can  be  made  sail  within  an  angle  of  45°  of  the  direction  of  the 
wind.  Thus,  if  a  vessel  had  to  arrive  at  some  point  in  the  line  from  which 
the  wind  was  blowing,  she  could  do  so  by  traversing  a  distance  that 
exceeded  the  distance  from  the  starting  point  to  the  point  to  be  reached  as 


88 


Yacht  Architecture. 


1  is  to  1*414  or -^increase  of  distance.  In  the  annexed  diagram  (Fig.  59)^ 
let  W  be  the  direction  of  the  wind,  A  the  point  of  departure,  and  B  the 
point  to  be  reached,  14  miles  distant.  A  C  makes  an  angle  of  45^  with 
A  B,  and  a  vessel  could  proceed  along  the  line  A  0.  By  tacking  or  alter- 
ing her  direction  at  C,  she  could  sail  along  the  line  0  B,  and  so  arrive  at 
the  point  B,  her  destination.     Then  the  distance  traversed  will  be  of  course 


Pio  59. 


equal  to  A  C  and  C  B ;  or  two  sides  of  the  triangle  ABO.     The  length  of 

the  side  A  0  can  thus  be  solved :  A  0  =  ^  ^.  "°^  ^ ;  or,  as  the  two  sides 

Sine  C     ' 

A  C,  C  B  are  equal,  the  distance  traversed  will  be  *™* 


Sine  C 


?,  giving  the 


quantities. 


•707 
14 

2-828 
7-07 

1)9-898 
o 


AB =:rl4milea. 

AngfleA =45**  8m.=  -707. 

Angle  B  =45°  sin.*  -707. 

Angle  C ..-90°  sin.-l'OOO. 


19*796  =  distance  traversed  to  reach  the  end  of  the  line  A  B,  Fig.  59. 


Wind  as  a  Propelling  Power. 


89 


If  a  vessel  lie  3^  points  from  the  wind,  she  will  traverse  18  miles ;  and 
if  she  lie  4|-  points  from  the  wind,  22  miles.  Therefore,  in  beating  dead 
to  windward,  the  proportion  the  real  distance  to  be  reached  bears  to  the 
distance  traversed  will  be  as  1  :  1-3  for  3^  points ;  1 :  1*414  for  4  points; 
and  1  :  1*6  for  4|-  points.  Thns,  if  a  vessel  laid  4^  points  from  the  wind, 
and  had  to  beat  20  miles  dead  to  windward,  she  would  sail  a  distance — 

5    points 20  x  1-826  =  36*5  miles. 

4i  points 20  x  1'6      «  32  miles. 

4    points 20  x  1-414  =  283  miles. 

3    points 20  x  2*3      =  26  miles. 

This  does  not  take  into  account  leeway  or  currents. 

B 


\ 
S 


Fia.  60. 


Now,  the  cause  of  the  vessel  proceeding  along  the  line  A  C,  instead  of 
with  the  wind,  in  the  direction  W  B  A,  or  dead  to  leeward,  can  be 
explained. 

In  Fig.  60  we  will  suppose  A  B  to  be  a  motionless  boat  with  a  balance 
lag  sail  set.  The  line  w  d  represents  on  a  scale  the  direction  and  force  or 
speed  of  the  wind  equal  to  10  miles  an  hour,  known  as  a  moderate  breeze. 
The  line  8  s  represents  the  balance  lug  sail  of  an  ice  boat.  It  is  obvious 
that  the  wind,  blowing  on  the  sail  from  the  direction  shown,  would  tend  to 
drive  the  boat  in  the  direction  of  its  own  motion.     But  the  force  k?  d  is 
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made  up  of  two  components— one,  c  d,  is  acting  at  right  angles  to  the  sail, 
and  the  other,  d  Jc,  acting  along  the  plane  of  the  sail  without  any  potent 
effect.  The  component  c  d  can  be  further  regarded  as  a  force  made  up  of 
three  other  components— one,  c  x,  acting  at  right  angles  to  the  keel  of  the 
vessel,  and  tending  to  drive  her  to  leeward ;  another,  x  d,  acts  in  a  line  with 
the  vessel's  keel,  and  tending  to  drive  her  ahead.  The  third  force  is 
resolved  vertically  in  a  downward  direction,  and  need  not  be  considered. 


^?^H^>l^ 


--i?. 


Fio.  61. 


FiQ.  62. 


We  have  now  to  consider  what  takes  place  when  a  boat,  under  the 
influence  of  x  d,  gathers  way,  or  commences  to  move  in  a  direction  to  meet 
the  wind  at  a  more  or  less  acute  angle.  In  Fig.  61  A  B  is  the  boat  set  in 
motion  by  the  component  of  the  wind  x  d,  and  is  proceeding  in  the  direc- 
tion of  the  arrow  mm;  the  difference  between  the  arrow  m  m  and  the  keel 
line  represents  the  angle  of  leeway,  or  amount  of  leeway  made.    The  dotted 
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Kne  to  d  represents  the  directiou  and  velocity  of  the  real  wind,  as  in  Fig. 
60 ;  but  the  wind  apparently  will  not  be  blowing  more  ahead  as  the  boat 
gathers  speedy  and  it  is  the  apparent  wind  with  which  we  have  to  deal. 
The  apparent  motion  of  the  wind  is  the  resultant  of  the  real  motion,  and  of 
a  motion  equal  in  force  and  opposite  to  the  motion  and  speed  of  the  vessel, 
and  is  thus  determined :  On  a  line  parallel  to  m  m  set  off  a  distance  {see 
d  n,  Fig.  61)  by  scale  (same  as  the  wind  scale)  to  represent  an  opposing 
motion  eqiuil  to  the  speed  of  the  boat  (assumed  in  this  case  to  be  five  miles 
an  hour,  or  half  the  velocity  of  the  wind) .  Join  n  w,  and  the  dotted  line 
n  w  will  represent  the  force  and  direction  of  the  apparent  wind. 

This  apparent  wind  must  now  be  regarded  as  the  propelling  force,  and 
not  the  real  wind  as  shown  in  Fig.  60.  In  Fig.  62  let  the  dotted  line 
V)  n  represent  the  direction  and  force  of  the  apparent  wind  ;  by  a  parallelo- 
gram of  forces  the  line  of  force  w  n  has  two  components,  one  acting  in  the 
direction  w  c,  or  k  n,  and  the  other  in  the  direction  c  n.  The  component 
c  n  is  farther  resolved  into  three  components,  as  before  shown  by  Fig.  60, 
represented  by  c  sc  and  n  x  m  Fig.  62,  and  another  acting  vertically,  not 
shown.  It  is  the  component  n  x  which  impels  the  boat  forward.  It  will 
be  seen  that  the  force  n  a?  is  very  small,  or  only  about  one-seventh  of  the 
force  c  X,  which  is  striving  to  drive  the  boat  to  leeward ;  but  the  resistance 
to  leeway  is  very  great,  whilst  the  resistance  to  headway  is  very  small. 
Consequently  the  boat  moves  a  scarcely  perceptible  distance  in  a  broadside 
direction,  but  gathers  speed  in  the  direction  of  her  keel,  or  rather  in  the 
direction  of  the  line  m  m,  which  includes  the  broadside  motion  or  leeway. 
The  boat  continues  to  gather  way  or  increase  in  speed  from  the  rest  position 
shown  in  Fig.  60  until  the  resistance  she  meets  with,  from  friction,  wave- 
making,  and  air-resistance,  &c.,  equals  the  force  shown  hj  nx  (Fig.  62). 
The  speed  of  the  boat  then  remains  uniform  so  long  as  the  wind  is  constant. 

If  a  vessel  resembled  a  true  hemisphere,  with  no  keel  or  dead  wood 
of  any  kind,  it  is  certain  that  she  would,  under  the  influence  of  a  wind 
pressure,  proceed  to  leeward  in  the  c  n  direction  much  faster  than  ahead 
in  the  direction  m  m ;  but  a  yacht  is  so  formed  that  she  offers  very  great 
resistance  to  lateral  or  sideway  motion,  and  a  very  little  to  headway.  In 
similarly  formed  vessels,  the  difference  between  the  resistance  to  lateral 
motion  and  to  forward  motion  is  generally  taken  as  proportional  to  the 
area  of  the  midship  section  and  the  area  of  the  longitudinal  section,  it 
being  always  understood  that  only  the  immersed  portions  of  these  sections 
are  referred  to.  This  proportion  roughly  is  as  10  to  1 ;  but  as  a  fact  it 
bears  very  little  relation  to  the  actual  value  of  the  lateral  resistance  and 
resistance  to  forward  motion.  The  latter  in  reality  depends  upon  the  form 
of  the  vessel  and  her  area  of  immersed  surface.     For  speed  of  6  knots  this 
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relative  value  will  be  better  found  by  simply  comparing  the  resistance  due 
to  surface  friction  and  the  resistance  to  broadside  action.  Thus^  say 
a  40-rater  has  1100  square  feet  area  of  immersed  surface^  and  a  plane 
of  470  square  feet  area  for  lateral  resistance ;  at  six  knots  the  frictions! 
resistance  on  the  immersed  surface,  consequent  on  forward  motion  for 
moderately  smooth  copper,  will  be  equal  (nearly)  to  0'261b.  per  square  foot, 
or  2751b.  in  the  aggregate.  That  is,  the  whole  force  required  to  move 
the  vessel  at  a  speed  of  six  knots  will  be  2751b.,  that  being  the  total 
resistance  at  such  a  speed. 

The  resistance  on  the  plane  of  470  square  feet  to  lateral  motion  will 
not  be  one  of  '' f riction,''  but  of  direct  pressure,  and  if  a  yacht  could 
be  moved  sideways  at  a  speed  of  six  knots  the  resistance  would  be 
1121b.  per  square  foot,  or  52,6401b.  in  the  aggregate.  Also  in  sailing  at 
a  broader  angle  than  45°  n  x  would  become  a  larger  fraction  of  c  n.  In  the 
diagram  (Fig.  62)  let  n  x  represent  a  force  of  2751b.  which  overcomes 
the  resistance  to  forward  motion,  and  c  n  a  force  which  is  three  times 
2751b.  or  8251b.  The  force  of  8251b.  is  exerted  on  a  plane  of  470  square 
feet  area,  which  is  equal  to  l'71b.  to  the  square  foot,  and  the  resistance 
that  would  balance  a  force  of  l*71b.  per  square  foot  would  be  met  with  at 
a  speed  of  0*78  knot.  Then,  if  the  headway  were  six  knots,  and  the  leeway 
0*78  knot,  the  "  angle  of  leeway  '^  would  be  7°.  But  this  would  be  too  much, 
and  an  allowance  would  have  to  be  made  for  the  loss  of  sideway  pressure 
due  to  the  forward  velocity  of  the  yacht  and  her  wave-making  features,  the 
broadside  motion  varying  in  fact  with  the  speed  of  the  yacht.  We  are  not 
aware  if  anyone  has  actually  tested  the  leeway  a  yacht  will  make  when 
close-hauled  under  a  wind-pressure  that  will  give  her  headway  at  the  rate 
of  six  knots  an  hour;  but  it  has  been  variously  estimated  from  3°  to  11^, 
or  from  ^  point  to  1  point  of  the  compass.  We  are  inclined  to  think,  so 
far  as  our  observation  goes,  that  a  cutter  yacht  of,  say  80ft.  water  line, 
when  sailing  a  course  4  points  from  the  wind,  will,  including  leeway,  make 
a  course  of  about  4^  points,  if  her  speed  be  6  knots  through  the  water ;  it 
would,  however,  be  impossible  to  ascertain  this  accurately,  as  the  wind 
does  not  remain  sufficiently  constant  in  strength  and  direction  even  whilst 
a  mile  could  be  traversed.  Small  yachts  relatively  make  greater  leeway 
than  larger  vessels,  but  the  difference  is  not  so  great  as  might  be  expected. 

It  will  be  gathered  from  what  has  already  been  stated  with  regard  to 
the  relation  of  the  apparent  wind  to  the  real  wind,  that  the  effective  angle 
for  the  sails  to  the  line  of  motion  of  the  vessel  must  largely  depend  on  the 
speed.  This  is  well  illustrated  by  the  case  of  ice  yachts,  which  at  times 
have  been  known  to  exceed  the  velocity  of  the  real  wind  for  miles  together; 
in  fact,  there  are  authenticated  cases  of  an  ice  yacht  having  sailed  9}  miles 
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in  10  minutes*  with  an  actual  velocity  of  the  real  wind  of  30  miles  an 
hour ;  that  is  to  say,  the  speed  of  the  yacht  was  nearly  double  that  of  the 
wind.  Upon  reference  to  Fig.  61  (page  90),  it  will  be  seen  that  if  d  n, 
which  represents  the  speed  of  a  sailing  vessel,  were  made  longer,  the  line 
w  n  representing  the  apparent  wind  would  become  longer  also,  and  make 
a  more  acute  angle  with  the  line  of  motion  of  the  vessel,  and  the  sail 
would  require  to  be  trimmed  more  in  a  line  with  the  keel.  In  the  case  of 
ice  yachts  the  greatest  speed  is  made  when  the  real  wind  is  blowing  on  the 
quarter  or  considerably  abaft  the  beam,  and  the  highest  speed  is  attained 
when  the  apparent  wind  appears  to  be  nearly  right  ahead.  It  is  obvious, 
under  such  conditions,  even  allowing  for  the  augmented  force  of  the 
apparent  wind,  that  the  effective  force  must  be  very  small,  and  were  it  not 
for  the  circumstance  that  an  ice  yacht  meets  with  an  infinitesimally  small 
resistance  to  headway  (a  touch  of  the  finger  will  set  them  in  motion  when 
at  rest),  their  phenomenal  speed  would  be  impracticable,  as  it  is  in  the  case 
of  yachts  which  have  to  sail  with  a  portion  of  their  body  submerged  in 
water.  The  two  cases  can  be  illustrated  in  this  way :  the  only  resistance 
an  ice  yacht  meets  with  is  from  the  friction  of  the  runner  on  the  ice,  and 
when  sailing  at  a  high  speed  only  the  lee  runner  comes  in  contact  with  the 
ice  owing  to  the  weather  one  being  lifted  by  the  heeling  of  the  yacht; 
this  friction,  too,  is  of  a  very  fine  quality,  and  nothing  resembling  the 
frictional  resistance  of  water.  The  sailing  vessel  exposes  to  the  frictional 
resistance  of  the  water  the  whole  of  her  immersed  surface,  which  in  a 
yacht  of  20  rating  will  be  nearly  700  square  feet.  The  magnitude  of  this 
resistance  will  be  better  understood  if  the  immersed  surface  is  assumed  to 
be  a  plane,  spread  out  flat  on  the  face  of  a  perfectly  smooth  sea. 

However,  although  it  is  not  necessary  in  the  case  of  sailing  vessels 
to  consider  such  cases  as  sailing  faster  than  the  wind,  yet  so  much  has 
the  resistance  of  yachts  been  reduced  by  the  reduction  of  immersed  surface, 
and  so  enormous  has  their  sail  area  become,  that  they  sail  very  much 
"  nearer  the  wind "  than  they  formerly  did ;  this  simply  means  that  they 
make  a  greater  speed  in  relation  to  the  real  wind;  and  ''close-hauled^^ 
in  one  yacht  may  mean  2^  points  off  the  direction  of  the  apparent  wind, 
or  as  much  as  4^. 

In  the  table  on  the  next  page  the  angle  for  the  sails  of  a  yacht  with 
the  keel  is  given  in  column  6  for  any  given  angle  the  yacht  may  make 
with  the  real  or  apparent  wind,  as  set  forth  in  columns  3  to  5.  This  table 
has  been  calculated  from  a  formula  given  by  the  late  Professor  Rankine,t 

*  See  "  Yaoht  and  Boat  Sailinfir,"  in  which  the  whole  phenomenon  of  the  speed  of  ice  yachts 
is  explained. 

t  See  his  "  Shipbnilding,  Theoretical  and  Practical." 
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who  assumed  that  the  normal  pressure  of  the  wind  varies  as  the  square 
of  the  sine  of  the  angle  of  incidence  (which  strictly  it  does  not,  although  the 
assumption  is  correct  enough  up  to  the  angles  sails  are  trimmed  for  close- 
hauled  sailing).  He  pointed  out  that  sails  were  most  advantageouslj 
trimmed  when  the  tangent  of  the  angle  they  make  with  the  apparerU  wind 
is  double  the  tangent  of  the  angle  they  make  with  the  vessel's  course.  He 
further  pointed  out  that  this  angle  for  the  sail  can  be  determined  thus :  In 
Fig.  63  the  base  line  N  O  will  represent  the  vessel's  course;  then,  with 
that  line  for  a  diameter,  describe  the  semicircle  N  P  0;  then  make  a 
smaller  semicircle  with  a  diameter  Q  O,  one-third  the  length  of  N  0. 
From  Q  draw  Q  c,  representing  the  direction  from  which  the  apparent 
wind  blows ;  then  from  0  produce  0  c ;  join  Q  d,  and  Q  d  will  be  the 
required  angle  for  the  sail.  (See  column  6  in  the  table  below.)  The 
angle  made  by  the  foot  of  the  sail  is  referred  to,  but  often  the  angle 
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made  by  the  gaff  may  be  greater ;  and  if  the  gaff  goes  off  very  badly  the 
boom  will  have  to  be  hauled  in  proportionally  closer,  so  as  to  keep  the  sail 
at  an  effective  mean  angle.  This  is  a  matter  well  understood  by  those  who 
have  experience  in  fore  and  aft  sailing. 
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The  velocity  of  the  apparent  wind  set  down  in  column  8  will  help 
explain^  in  connection  with  what  has  gone  before  {vide  p.  94),  why  there 
shonld  not  be  greater  difference  in  the  speed  obtainable  from  close-hauled 
sailing  and  with  the  boom  broad  off  the  quarter.  The  force  of  the  apparent 
wind  increases  very  rapidly  as  the  vessels  speed  bears  a  nearer  proportion 
to  the  speed  of  the  real  wind,  and  the  sails  become  trimmed  flat  in ;  and  if 
a  vessel  only  had  enough  canvas  to  propel  her  at  a  speed,  say,  one-third 
the  velocity  of  the  wind,  her  greatest  speed  would  be  with  the  wind  on  the 
quarter,  or  when  twelve  points  from  the  wind,  as  in  the  case  of  ice  yachts 
previously  referred  to.* 

In  the  table  given  the  greatest  speed  is  shown  when  the  yacht  has  the 
real  wind  two  points  abaft  the  beam,  the  apparent  wind  showing  a  little 
forward  of  the  beam.  This  no  doubt  is  according  to  practice,  as,  and  it 
should  be  noted  that,  when  the  apparent  wind  is,  judged  by  the  vane  on 
board  a  vessel,  abeam,  the  real  wind  is  always  a  little  abaft  the  beam ;  in 
fact,  the  vane  shows  the  direction  of  the  apparent  wind.  The  American 
yacht  Sappho  is  said  to  have  made  sixteen  knots  for  several  consecutive 
hours,  in  crossing  from  New  York  to  Queenstown,  the  wind  at  the  time 
blowing  with  a  velocity  of  from  twenty-four  to  thirty  knots  in  the  hour.  Her 
log  shows  the  apparent  direction  of  the  wind,  judged  by  the  dog-vane,  to 
have  been  S.  and  S.  by  W.,  and  her  course  B.  i^S.;  this  would  place  the  real 
wind  two  or  three  points  abaft  the  beam,  and  general  experience  points  to 
the  conclusion  that  a  vessel  makes  the  highest  speed  with  the  real  wind 
three  or  four  points  abaft  the  beam  j  and  this  will  be  more  patent  if  the 
vessel  be  deficient  in  stability,  as  she  will  keep  more  upright  under  such 
conditions. 

Of  course,  if  the  vessel  be  ill  adapted  for  high  speed,  she  may  relatively 
make  greater  progress  with  the  real  wind  well  forward  of  the  beam ;  this 
will  be  noticeable  in  some  full-bowed  vessels  with  a  good  hold  of  the  water 
and  fine  after-bodies ;  at  the  slower  velocities,  on  a  wind,  they  will  rela- 
tively do  better  for  fast  vessels  than  when  reaching  off  the  wind.  The 
reason  is,  that  they  nearly  attain  their  maximum  speed  on  a  wind  ;  and  the 
additional  exertion  of  the  wind,  when  its  impulse  is  more  direct  to  the 
plane  of  the  sails,  has  but  small  effect  in  overcoming  the  increased  resist- 
ance the  vessel  meets  with  in  the  water  at  higher  speeds,  on  account  of  the 
fulness  of  the  vessel's  entrance. 

The  effect  of  sailing  with  or  against  the  tide  or  current  is  frequently 
discnssed,  and  it  is  often  thought  that  the  tide  accelerates  exactly  as  it 
retards  a  vessel's  motion  over  the  ground ;  but  this  is  by  no  means  a  true 

*  The  angle  that  a  yaoht  makes  with  the  real  wind  can  be  readily  read  o£f  in  tacking  by 
taking  half  the  number  of  i>oint8  her  head  sweeps  through  in  going  from  one  tack  to  the  other. 
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state  of  the  case  in  either  sailing  on  or  off  the  wind.  If,  say,  a  yacht  is 
sailing  vrith  the  wind  forward  of  the  beam  at  the  rate  of  6  knots  an 
honr,  and  suddenly  has  a  current  of  tide  with  her  equal  to  3  knots  an  hour, 
her  speed  over  the  ground  will  have  an  increase  due  to  the  tide  of  exactly 
3  knots,  and  she  will  meet  the  wind  with  all  the  greater  force  due  to 
the  accelerated  speed.  Upon  reference  to  Fig.  61,  page  90,  it  will  be 
seen  that  d  n  can  represent  the  speed  of  the  yacht  at  5  knots ;  and,  if  that 
speed  be  increased  to  8  knots,  the  line  w  n,  representing  the  apparent 
wind,  will  necessarily  be  increased  in  proportion,  and  draw  more  ahead,  or 
make  a  sharper  angle  with  the  vessel's  course.  The  immediate  effect  of 
this  would  be  that,  as  the  apparent  wind  came  more  ahead,  the  sails  would 
have  to  be  trimmed  in  flatter,  and  the  yacht  would  make  a  course  nearer 
the  real  wind,  with  but  little  or  any  loss  of  speed  through  the  water ;  or,  in 
other  words,  her  "  speed  to  windward ''  would  be  increased.  A  more 
general  result,  however,  would  be  this:  the  helmsman,  seeing  the  sails 
began  to  lift,  owing  to  the  apparent  wind  drawing  more  ahead,  would,  from 
habit,  sail  her  harder,  until  her  sails  were  full,  and  there  would  then  be  a 
small  actual  gain  in  speed  through  the  water,  which  would  more  than 
compensate  for  the  loss  due  to  sailing  broader  off  the  real  wind ;  and  this 
compensation  would  exist  without  estimating  the  actual  gain  made  to 
windward  by  the  set  of  the  tide.  Inversely,  if  the  yacht  had  sailed  into  a 
3-knot  current  opposed  to  the  direction  of  her  motion,  her  speed  would  be 
retarded,  as  there  would  be  a  loss  of  propelling  force  as  the  yacht  retreated 
from  the  wind ;  and  this  could  be  shown  by  the  decrease  in  force  of  the 
apparent  wind,  as  represented  in  Fig.  61. 

This  will  serve  to  show  the  hopelessness  of  a  yacht  trying  to  beat 
against  a  3  or  4-knot  current  with  a  very  light  breeze. 

In  sailing  before  the  wind,  an  opposing  current  would  have  the  effect 
of  increasing  the  speed  of  the  yacht  through  the  water,  but  it  does  not 
follow  that  her  speed  over  the  ground  would  be  increased.  On  the  other 
hand,  a  favourable  current  might  carry  a  vessel  along  over  the  ground 
faster  than  the  wind  was  travelling,  and  she  may  have  no  motion  at  all 
through  the  water. 

This  brief  description  of  the  influence  of  currents  on  the  effectiveness 
of  sails  by  no  means  exhausts  the  case,  but  suiBcient  has  been  said  to 
make  clear  the  nature  of  the  influence,  and  will  enable  yachtsmen  to  better 
understand  the  importance  of  working  with  a  favourable  current,  or  shun- 
ning an  unfavourable  one  as  much  as  possible. 

It  was  shown  on  page  85  that  there  could  be  a  great  gain  in  econo- 
mising distance  by  lying  close  to  the  wind,  but  the  matter  for  consideration 
is  this  :  would  the  gain  in  distance  compensate  for  the  loss  in  speed  f     As 
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we  know  what  the  speed  per  hour  is  on  different  points  of  sailing,  this 
question  can  be  answered  hj,  for  say  a  distance  of  20  miles^  a  very  simple 
calculation,  the  results  of  which  are  here  given.     Thus  : 


Ura.  MinB. 
3i  pointB  from  the  wind*   4      0 

4        t>  >•  »>        3     53 


Hn.  Mlns. 
4i  points  from  the  wind 4      o 

5         .,  „  „    •    4     11 


Thus,  say,  two  cutters  of  80ft.  water-line  each,  equal  in  every  respect  as 
to  speed,  stability,  and  spread  and  effectiveness  of  canvas,  set  out  to  beat  20 
miles  to  windward,  and  one  lay  3^  points  from  the  wind  and  the  other  4^ 
points,  there  would  be  no  loss  or  gain ;  but  if  one  of  them  lay  4  points 
from  the  wind  she  would  gain  7  minutes,  and  if  she  lay  5  points  from  the 
wind  she  would  lose  11  minutes.  Thus  for  a  cutter  beating  to  wind- 
ward a  coarse  of  4  points  from  the  real  wind  would  appear  to  be  the  most 
advantageous. 

It  must  not  be  supposed,  if  of  two  vessels  of  80ft.  water-line  each,  one 
is  a  schooner,  and  the  latter  makes  a  course  of  4^  points  from  the  wind^ 
and  the  cutter  4  points,  that  there  will  be,  providing  their  general  speed 
and  area  of  canvas  be  equal,  only  seven  minutes'  difference  between  them 
at  the  end  of  a  twenty  miles'  thrash  to  windward.  The  schooner  will 
probably  be  the  equal  of  the  cutter  with  the  wind  abeam ;  but  it  is  a 
very  different  matter  when  the  wind  and  the  sails  make  a  very  small 
angle^  as  in  close-hauled  sailing.  For  such  sailing  a  great  portion  of 
the  sails  near  the  upper,  lower,  and  after  edges  are  ineffective;  con- 
sequently^ the  greater  the  number  of  parts  a  vessel's  sails  are  in^  the  more 
edges  there  will  be,  and  the  greater  will  be  the  loss  of  propelling  power; 
and,  farther,  the  eddied  wind  thrown  off  by  the  sails  greatly  interferes 
with  the  direct  or  impelling  currents  of  wind.  Beyond  this,  a  schooner 
suffers  in  stability,  inasmuch  as  she  has  to  carry  the  weight  of  two 
masts  and  two  sets  of  rigging,  with  loftier  masts ;  therefore,  for  any 
given  area  the  heeling  moment  of  the  sails  of  a  schooner  will  be 
greater  as  the  centre  of  effort  will  be  higher;  for  this  reason  alone  the 
effectiveness  of  her  canvas  would  be  inferior  to  that  of  the  cutter,  aa 
it  would  be  veduced,  practically,  in  proportion  to  the  co-sine  of  the  angle 
of  heel. 

This  leads  us  up  to  the  point  that  sails  are  not  really  planes,  but 
surfaces  which  are  more  or  less  concave.  There  is  no  doubt  that  the 
general  pressure  on  a  surface  is  equal,  whether  that  surface  be  a  plane  or 
a  concave  one,  providing  the  areas  are  equal ;  but,  on  surfaces  like  those 
of  sails^  it  is  not  the  direct  pressure  (such  as  it  would  be  when  sailing^ 


*  See  Col.  2  in  Table,  page  94. 
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dead  before  the  wind)  that  drives  a  vessel  ahead;  but,  as  previously 
explained,  a  component  of  the  wind  force  which  strikes  the  sail  at  some 
angle.  The  exact  value  of  this  component  for  a  concave  surface  is 
undeterminable ;  but  experience  has  taught  us  that  it  is  vastly  larger  for 
flat  surfaces ;  and  that  baggy  sails  press  a  yacht  to  leeward  much  more 
than  flat  sails  do. 

When  the  wind  force  applied  to  a  sail  comes  obliquely  from 
ahead,  as  in  close-hauled  sailing,  there  is  a  plus  pressure  on  the  fore 
part  of  the  sail,  and  then  the  centre  of  pressure  is  far  ahead  of  the 
centre  of  area,  according  to  the  intensity  of  the  pressure  and  the 
angle  of  the  sail.  The  results  of  some  experiments  which  have  been 
published  would  appear  to  indicate  that  the  centre  of  pressure  for 
close-hauled  sailing  is  about  one-third  the  breadth  of  a  sail  from  its 
fore  edge  or  luff. 

The  late  Mr.  Wm.  Fronde  gave  this  subject  a  great  deal  of  attention, 
and,  in  speaking  of  the  effect  of  the  wind  on  baggy  sails,  said : 

A  Btriki2ig  indication  of  a  distribation  of  fluid  presBore  on  a  curved  surface  is  supplied  by  the 
^md  facie  paradoxical  curvatures  into  which  sails  often  arrange  themselves  under  the  effect  of 
wind,  as  is  specially  noticeable  in  jibs.  In  these  sails  the  edge  is  gathered  in,  so  as  to  form, 
immediately  behind  the  rope,  a  narrow  tapered  belt  of  slack  canvas,  which  becomes  conspicuously 
bagged  out  by  the  pressure  of  the  wind.  When  the  wind  strikes  the  sail  obliquely  from  ahead, 
say  at  an  angle  of  45®  with  the  line  of  the  keel,  the  general  wind  pressure  which  the  reaction 
of  the  rest  of  the  sail  produces  swells  out  the  *'  baggy  "  belt  of  canvas.  As  the  vessel  is  pressed 
oloser  to  the  wind,  it  is  this  part  of  the  sail  which  will  first  begin  to  flap  or  "  lift." 

There  is  no  doubt  that,  when  sails  go  into  the  "  bag  '^  described  by 
Mr.  Froude,  they  are  very  ineffective,  such  as  old  sails  are,  or  those  made 
of  very  thin  light  canvas,  such  as  jib  topsails,  which  will  not  stand,  but  are 
"  all  of  a  lift  '^  in  the  fore  part  directly  the  wind  freshens.  Within  certain 
limitations,  the  heavier  the  canvas,  or  the  more  rigid  and  unstretchable  it 
'can  be  made  by  narrowness  of  cloth  or  other  means,  the  more  wind  will 
the  sails  usefully  resolve.*  Sailing  masters  generally  well  understand  the 
importance  of  having  the  fore  part  of  a  sail  flat  and  ^'  unbaggable." 
Hence,  sailing  with  an  old  mainsail,  we  frequently  see  them  wetting  the 
luff,  to  shrink  the  flax  and  so  strain  this  part  of  the  sail  flatter.  But 
in  old-fashioned  sails  (and  in  some  ill-cut  modern  ones)  the  after  part  of 
the  sail  also  went  into  a  bag,  and  the  idea  was  that  the  wind  should  not  be 
allowed  to  escape.  But  the  real  effect  of  a  bag  in  the  after  part  is  to  make 
a  ''back  sail;"  and,  of  course,  a  back  sail  retards  a  vessel's  progress, 
and,  in  the  case  of  after  sail,  helps  to  turn  the  vessel's  head  towards  the 

*  The  main  objection  to  very  narrow  cloths  is,  that  by  multiplying  the  seams  to  obtain 
rigidil^  the  friotionaJ  resistance  is  increased,  and  the  most  perfect  canvas  would  be  a  seamless 
sail. 
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wind,  by  pressing  her  stern  to  leeward.  The  conclusion  is^  that  the 
general  pressure  on  a  baggy  sail  is  the  same  as  on  a  flat  surface  of 
equal  area  if  that  pressure  be  applied  at  right  angles  to  the  plane ;  but 
if  applied  obliquely  the  component  of  the  pressure  (represented  by  n  x, 
Fig.  62)  which  drives  the  vessel  ahead  is  smaller,  with  a  baggy  sail, 
wldlat  the  pressure  that  drives  her  to  leeward,  and  assists  in  heeling  her, 
is  much  larger.  Before  the  wind  this  is  a  matter  of  no  consequence ;  but 
by  the  wind  it  is  evidently  of  the  utmost  importance  that  the  sails  should 
be  perfectly  flat,  and  that  they  should  be  well  cut,  without  folds  or  girts  of 
any  kind,  and  that  they  should  never  go  into  bags  in  consequence  of  the 
canvas  being  soft  or  elastic. 

It  has  been  said  that  the  centre  of  lateral  resistance  presents  the 

point  through  which  the  resistance  of  the  water  to  the  sideway  motion  of  a 

vessel  acts,  and  the  centre  of  effort  of  the  sails  represents  the  point  through 

which  the  force  acts  which  endeavours  to  impart  sideway  or  broadside 

motion  to  the  vessel.     It  is  therefore  evident,  if  these  two  horizontal  forces 

do  not  act  in  the  same  vertical  line,  that  some  disturbance  must  take  place 

in  the  direction  of  the  vessel's  motion.     In  short,  the  horizontal  distance 

represented  by  j  a?  or  C  E  «  in  Fig.  57,  page  83,  is  a  coupling  lever  tending 

to  turn  the  vessel  towards  the  wind.     When  such  conditions  exist,  a  vessel 

requires  what  is  known  as  "  weather  helm  " ;  that  is,  if  the  vessel's  head  has 

a  tendency  to  fly  up  in  the  wind,  the  rudder  is  turned  to  leeward  by  bringing 

the  helm  or  tiller  to  windward.      (The  distance  h  x  in.  Fig.  57  shows  the 

length  of  the  lever  upon  which  the  rudder  acts  to  turn  the  vessel.      See 

the  next  chapter.)     It  is  obvious  that  if  C  E  were  directly  over  x  no  such 

lever  would  exist,  as  the  force  accumulated  in  C  E  would  have  no  tendency 

to  turn  the  vessel,  either  on  or  off  the  wind,  and  the  vessel  would  "  steer 

herself/'     If  on  the  other  hand  x  were  at  q,  and  C  B  at  «,  it  is  clear  that 

the  effort  of  the  sails  would  be  striving  to  turn  the  vessel's  head  off  the 

wind,  and  she  would  in  fact  require  "  lee  helm."     Thus,  two  bad  faults  in  a 

vessel  whilst  sailing  by  the  wind  are  dependent  on  the  fact  that  the  centre 

of  effort  of  the  sails  does  not  act  in  the  vertical  line  in  which  is  the  centre 

of  lateral  resistance.     It  would  appear  to  be  a  very  simple  matter  to  so 

arrange  a  vessel's  sails  that  the  centre  of  effort  came  over  the  centre  of 

lateral  resistance,  presuming  the  latter  to  be  determined ;  but,  owing  to  the 

concavity  of  the  sails,  and  the  fact  that  the  pressure  varies  considerably  on 

them  (there  being  always  a  plus  pressure  on  the  fore  part  or  luff  of  the  sail, 

as  already  explained),  the  centre  of  effort  cannot  be  accurately  computed. 

That  isj  it  is  always  some  distance  ahead  of  the  calculated  centre ;  but,  as 

rhe  centre  of  lateral  resistance  is  likewise  ahead  of  the  calculated  centre 

isee  page  69),  it  is  found  in  practice  both  safe  and  useful  to  treat  the 

H  2 
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calculated  centres  as  if  they  had  been  correctly  determined,  with  the 
following  qualification :  Experience  teaches  us  that,  to  obtain  the  largest 
average  of  advantages,  the  calculated  centre  of  effort  of  the  sails  should  be 
some  distance  forward  of  the  calculated  centre  of  lateral  resistance,  and 
this  distance  may  vary  from  '01  to  '03  of  the  length  of  the  load  line,  the 
latter  ratio  being  necessary  in  vessels  which  are  deep  under  the  ma^t  or 
which  have  a  deep  fore-foot.  With  such  a  ratio  as  '08  a  modem  cutter 
with  her  mast  well  forward  and  a  very  raking  keel  and  stem  would 
carry  '^lee  helm,''  or  slack  helm,  as  it  is  sometimes  termed,  in  light  winds,, 
and  be  slack  in  stays,  and  probably  a  ratio  of  '02  will  be  a  safe  one  to 
adopt.  Thus,  if  a  vessel  be  50ft.  on  the  load  line,  then  50  x  '02  =  1ft., 
which  is  the  distance  the  calculated  centre  of  effort  of  the  lower  sails 
is  to  be  ahead  of  the  calculated  centre  of  lalieral  pressure  on  the  immersed 
portion  of  the  hull.  If  a  smaller  ratio  be  taken  the  vessel  will  in  strong 
winds  carry  an  injurious  amount  of  weather  helm,  or  be,  as  it  is  termed, 
too  "  ardent  *' ;  a  little  weather  helm  is,  however,  of  much  value,  not  only 
for  effective  sailing  by  the  wind,  as  the  resultant  of  the  pressure  of  the 
water  on  the  rudder  assists  in  pressing  the  vessel  bodily  to  windward ;  it 
also  promotes  quickness  in  tacking,  as  the  ardency  causes  the  yacht  to  ^'  fly 
to ''  directly  the  weather  tiller  lines  are  loosened. 

The  foregoing,  it  should  be  understood,  refers  to  yachts  with  much 
rockered  or  very  raking  keels.  In  the  case  of  yawls  it  is  generally  found 
that  the  calculated  centre  of  effort  requires  (relatively  to  the  centre  of 
lateral  resistance)  to  be  a  little  further  aft  than  in  either  cutters  or 
schooners,  as  the  mizen  is  not  a  very  effective  sail  on  a  wind,  the  eddy 
wind  off  the  mainsail  causing  it  to  lift ;  also  a  yawl's  main  mast  is  usually 
farther  forward  than  a  cutter's,  and  it  should  be  noted  that  the  position  of 
the  centre  of  effort  of  the  largest  driving  sail  influences  the  position  of  the 
general  G.E.  more  than  the  calculation  shows. 

As  the  longitudinal  component  (n  x,  Fig.  62,  page  90)  of  the  force  of 
the  wind  acts  through  the  centre  of  effort  of  the  sails  considerably  above 
the  centre  of  lateral  resistance,  a  couple  is  formed  (C  E  q,  Fig.  57)  tending 
to  depress  the  bow ;  but,  as  the  longitudinal  stability  of  a  vessel  is  so  great, 
but  little  depression  will  actually  take  place.  Thus,  take  the  case  of  Seabelle 
at  a  speed  at  7  knots,  her  resistance  on  the  water  would  be  about  half  a  ton 
and  the  distance  (C  E  q)  is  50ft.,  and  at  such  speed  the  moment  would  be 
50ft.  X  0'5  ton)  equal  to  25  foot  tons,  which  would  only  cause  Seabelle  to  be 
depressed  by  the  head  l^in.  Of  course,  as  the  resistance  increased,  as  it 
would  very  rapidly  in  the  case  of  vessels  with  full  bows  driven  at  high 
speed,, the  moment  would  increase  and  the  bow  would  be  further  depressed. 
In  small  yachts  and  boats,  which  are  made  to  carry  sail  areas  (by  aid  of 
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trimming  ballast  up  to  windward)  out  of  all  proportion  to  their  size,  the 
depression  of  the  bow  is  often  very  considerable,  and  has  to  be  met  by 
shifting  some  of  the  ballast  or  crew  farther  aft.  It  must  not,  however,  be 
concluded  that  depression  by  the  bow  is  entirely  due  to  sail  pressure; 
such  is  by  no  means  the  case,  as  will  be  shown  in  the  chapter  on 
^'  Resistance.'^ 

In  apportioning  sail-spread  to  a  yacht  it  is  usual  to  consider  the  area  in 
relation  to  the  speed  expected,  and  the  greater  the  area  in  proportion  to 
the  displacement  and  wetted  surface  the  greater  should  be  the  speed  at  any 
given  wind-force  and  angle  of  heel.  The  wetted  surface  is  proportional  to 
the  square  of  the  length,  or  breadth,  or  draught,  and  the  displacement  to 
the  cube  of  either  of  these  dimensions;  hence  the  wetted  surface  will  be 
proportional  to  the  f  power  of  the  displacement  in  vessels  of  similar 
form.* 

This  is  particularly  true  of  modern  racing  yachts,  the  dead  wood  being 

*  It  should  be  noted  that,  in  aU  cases  where  *'  yessels  of  similar  form  "  are  referrod  to,  this 
means,  strictly,  that  the  dimensions  only  are  altered  and  in  exact  proportion,  such  as  would  be 
the  case  if  we  took  a  drawing  to  an  inch  scale,  say,  and  applied  a  half -inch  scale  to  it,  or  vice 
ifersd.  If,  for  instance,  we  took  the  20-rater  Mimosa  of  25'4  displacement  with  a  wetted  surface 
=  D9  X  94,  and  endeavour  to  find  the  wetted  surface  of  Ghost,  whose  displacement  is  30*5  tons 
from  Mimosa's,  the  result  would  be  very  wide  of  the  mark.  The  reason  ia  this :  Mimosa  has 
Teiy  hollow  sections,  whilst  the  Ghost  has  very  little  of  hollow.  But  even  in  vessels  not  so 
widely  different  in  form  there  is  not  a  constant  ratio  between  D3  to  wetted  surface,  as  may  be 
leathered  from  the  following  table : 


Yacht. 


Wetted  Snrface. 
D8 


*Mimosa     20  rating 

•Arrow    90     „ 

•Vendetta 40      „ 

•May        54      „ 

•Florinda    120     „ 

•Qninque    5      „ 

•Vanduara 99      „ 

•Vreda    20     „ 

•Minerva    21      „ 

•Ghost    20     „ 

tPenitent   51-9ft.... 

fFaugh.a-Ballagh     ...  30ft.     ... 

flsolde   66ft.     ... 

fWindfaU  36ft.     ... 

fAilsa     100-lft.... 


94-0 
86-6 
85-8 
81-8 
78-6 
78-6 
73-6 
73-5 
75-3 
730 
900 
860 
86-0 
86-0 
81-8 


*  Old  rating,  1887. 


t  New  rating,  1896. 


The  Mimosa  and  Arrow  have  hollow  sections  compared  with  the  others  and  more  gripe. 
Penitent,  Faugh-a-Ballagh,  Isolde,  Windfall,  and  Ailsa  have,  relatively  to  the  older  boats,  small 
^Lsplaoements. 
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trimmed  away  fore  and  jiCt  until  nothing  but  vessel  is  left.  In  these  yachts 
the  wetted  surface  is  found  to  be  about  equal  to  displacement '  x  74.  It 
follows  if  the  sail-spread  is  to  be  proportioned  to  the  wetted  surfaces  that 
it  can  be  apportioned  by  the  equation :  Sail^  =  ^  x  D^',  D  and  Dj  beinp 
the  displacements  of  different  vessels  of  similar  form.  The  sail  area 
for  any  required  speed  (V)  is  determinable  from  any  ascertained  sail 
area  and  speed  thus :  Sail  area  =  — ^ — .  In  this  equation  Jc  is  obtained 
from  the  performance  of  some  other  vessel  thus :  k  =  ^jwea'  ^^^  ^ 
termed  the  co-efficient  of  performance.  The  speed  obtainable  from  any 
given  area  of  canvas  will  be  derived  from:  V  =  \/— jv^  •  ^^  ^l^^se 
equations  it  is  assumed  that  the  resistance  varies  as  the  square  of  the 
speedy  which  is  only  the  case  at  low  speeds ;  and,  moreover,  as  h 
would  vary  for  different  vessels,  the  comparisons  of  speed  by  the  last 
formula  would  necessarily  be  limited  to  vessels  of  similar  form  and  similar 
condition  of  skin.  For  speeds  where  wave-making  begins  {see  the  chapter 
on  ^^  Resistance '')  V  might  be  substituted  for  V*,  and  ^  for  y/  in 
a/^^  ';  but  even  then  the  formula  could  only  be  trusted  for  use 
with  k  derived  from  a  performance  of  a  similar  vessel. 

For  these  reasons  very  little  reliance  can  be  placed  on  speed  formulae  in 
apportioning  sail-spread,  except  by  comparison  with  other  vessels  whose 
displacements,  forms,  wetted  surfaces,  sail  areas,  and  performances  are 
known.  The  proportion  of  sail  area  is  nearly  4  square  feet  to  1  square 
foot  of  wetted  surface  in  most  British  racing  yachts;  but  in  America 
the  proportion  is  nearly  as  six  to  one.  The  reason  of  this  greater 
sail-spread  per  square  foot  of  wetted  surface  is  that  in  America  the 
prevailing  winds  are  light,  and  as  the  classification  is  by  actual  length 
of  water-line  and  not  by  the  rating,  a  check  on  sail-spread  does  not 
exist  as  it  does  here. 

For  low  speeds  the  comparison  of  sail  area  to  wetted  surface  is  a  pretty 
sure  one,  as  will  be  explained  in  the  chapter  on  "  Resistance."  Formerly 
small  yachts  in  this  country  had  a  greater  proportionate  sail-spread  to  wetted 
surface  than  large  yachts  had  ;  but  the  sail-spread  of  small  yachts  in  pro- 
portion, to  displacement  ^  was  smaller.  The  reason  of  this  was  that  for  their 
length  the  depth,  weight,  and  stability  were  greater  in  small  yachts,  and  con- 
sequently they,  by  comparison,  could  carry  more  sail.  Since,  however,  a  tax 
has  been  placed  on  sail  the  smaller  yachts  have  been  given  more  length  of 
load  line  in  ratio  to  their  rating  than  larger  yachts  have,  and  their  sail-spread 
to  wetted  surface  appears  small  by  comparison.  In  yachts  of  all  sizes  sail 
has  been  much  reduced ;  but,  at  the  same  time,  the  wetted  surface  has  also 
been  reduced,  so  that  the  proportion  of  sail  to  wetted  surface  is  much 
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about  the  same  as  it  was  before  the  rating  by  length  and  sail  area  was 
adopted.* 


TMht 


Area  of  Sail. 


Area  of  Imineraed 
Surface. 


Sail  Area. 
Imineraed  Surface. 


^Dolphin 2-5  rating  Y.E.A. 


•MimoBa.... 

..     20 

•Ghost 

..     20 

•Dragon  .... 

..     20 

•Vreda     .... 

.     20 

•Vandnaxa.. 

.     99 

•May  

.     54 

•Castanet    .. 

.     40 

•Arrow    

.     99 

•Miranda     . 

.  Ill 

•Florinda    .. 

.  120 

•Die 

.     10 

•MineTTa 

.     21 

•Genesta 

.  109 

•Vendetta  .. 

.     40 

tAilaa 

.  1001ft. 

tPenitent    .. 

.     51-9ft. 

tisolde    

.     65-7ft. 

tSoroereaa  .. 

.     24-7ft. 

tMay  

.     62-9ft. 

fWindfidl   .. 

.     35-8ft. 

580  sq.  ft. 
2535   „ 
2577   „ 


2641 
7283 
5000 
4070 
6900 
7700 
8273 
1660 
3200 
8030 


10889 
8061 
4006 
319 
3809 
1176 


195  sq.  ft. 

810 

699 

670 

695 
1892 
1260 
1095 
1940 
2228 
2200 

476 

672 
1940 
1175 
2373 
774 
1100 

105 


843 


2-974 
3130 
3-700 
3-939 
3-800 
3*849 
3-968 
3-735 
3-556 
3*446 
3*760 
3*487 
5*594 
4139 
3*368 
4161 
3*954 
3*637 
3-040 
3-028 
3-428 


For  equal  displacements  so  many  square  feet  per  ton  are  compared^ 
but  when  the  displacements  are  unequal  the  comparison  must  be  made 
with  the  two-third  power  of  the  displacement  (D*)  thus  : 


Yacht 


Displaoement. 


Sail  Area. 


•Dolphin  2*5  rating. 

•Mimosa    20        „ 

•Ghost  20 

•Dragon    20         „ 

•Vreda  20 

•Vandnara    99         „ 

•May 63        „ 

•Minerra  21         „ 

•Arrow  99         „ 

•Miranda  Ill 

•Florinda 120        „ 

•Genesta   109        „ 

•Vendetta 40 

fAilsa    100-lft.  

fliolde  65-7ft 

tSoroerees 24-7ft 

fMay 62-9ft 

fPenitent 519ft 

tWindfaU 35-8ft 


3-6  tons. 

25-4  „ 

30*5  „ 

261  „ 

28*9  „ 

1300  „ 

60-5  „ 

21-0  „ 

1080  „ 

1600  „ 

1500  „ 

1410  „ 

51-9  „ 

1560  „ 

460  „ 

0*66  „ 

60*5  „ 

26*8  „ 

8*2  „ 


580  sq.  ft. 
2535       „ 
2577       „ 


2641 
7283 
5000 
3200 
6900 
7700 
8273 
8030 
3963 
10889 
4006 
319 


3061 
1176 


•  The  fonnnla  for  the  rating  is  ^'^'^JL^*^  =  Bating  1886  to  1895. 


t  The  formnla  for  the  rating  1896  will  be  foond  explained  on  page  16, 
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Another  correct  method  of  comparison  is  by  the  square  root  of  the  sail 
area  and  the  cube  root  of  the  displacement  (expressed  in  cubic  feet) . 

In  British  yachts  the  square  root  of  the  sail  area  is  usually  found  to 
be  five  times  the  cube  root  of  the  displacement,  but  in  large  modern  racing 
cutters  it  is  often  six  times,  and  this  applies  to  American  yachts  also. 

The  displacement  of ^Ceilsa  is  1 56  tons,  which,  multiplied  by  85,  gives 
5460  cubic  feet.  The  cube  root  of  5460  is  17*6,  and  the  square  root  of  her 
sail  area  104* 3  then  ^=:^  =  5*926,  which  is  the  relation  her  displacement 
bears  to  her  sail-spread. 

To  ascertain  what  the  sail-spread  should  be  for  any  vessel  in  similar 
proportions  the  formula  would  be,   in  round  terms, 


\/Sail  area  =  (^Displacement  in  cubic  feet  x  6). 


Table  of  Vblocitt  and  Pressure  of  Winds. 


Velocity 

in 

knots 

per  honr. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20 


PreBsnre 

in  lb. 
per  8q.  ft 

No.             DoMriptton. 
of  force.           of  wind. 

Velocity 

in 

knots 

per  hour. 

Pressure 

in  lb. 
per  sq.ft. 

No.            Description 
Bf  force.            of  wind. 

•0067-) 

-027 

^      1. 

Light  air. 

22.     ... 
24.     ... 

...       3-28) 
...       3-84) 

7. 

Moderate  gale. 

060   J 

107    1 

-167    J 

-240   1 

-327 

-427    • 

-640 

-667  ^ 

2. 

Light  wind. 

26.     ... 

28.     ... 

...       4-51") 
...       5-23  \ 

8. 

Fresh  gale. 

3. 
4. 

Light  hree*e. 
Moderate  breeze. 

30.     ... 

32.     ... 
34.     ... 

...       600 ) 

...       6-83^ 
...       7-71  [ 

9. 

Strong  gale. 

36.     ... 

...       8-64) 

-807 

-960 

"     6. 

Fresh  breeze. 

38.     .. 
40. 

...       9-63  > 
...     10-7    ) 

10. 

Heavy  gale. 

113 

1-31    J 

1-50   ^ 

50.     .. 
60.     .. 

...     16-7    ^ 
...     240    ) 

11. 

Storm. 

1-71 

1-93 

216 

2-41 

.     6. 

Strong  breeze. 

70.     .. 

80.     .. 
90.     .. 

...     32-7   ^ 
...     42-7    ( 
...     540    { 

12. 

Hnrrioane. 

2-67     J 

100.     .. 

...  66-7  ; 

CHAPTER   VII. 

THE    ACTION    OF    THE    RUDDER    AND    STEERING 

EFFICIENCY. 


THE  ACTION   OF   THE  RUDDER. 

A  VESSEL  moving  through  water  is  steered  or  turned  by  the  action  of  a 
couple,  the  arm  of  which  is  the  centre  of  lateral  resistance  and  the  centre 
of  effort  of  the  rudder  (see  k  x.  Fig.  57,  page  83).  The  streams  of  water 
that  meet  the  oblique  surface  of  the  rudder  when  it  is  put  over  represent  a 
pressure  which  can  be  decomposed  into  a  force  acting  at  right  angles  to  its 
surface ;  and  it  is  evident  that  the  application  of  this  force  would  cause  a 
vessel  pivoted  on  a  vertical  axis  through  her  centre  of  gravity  to  rotate 
about  that  axis,  and  the  speed  of  the  rotation  would  be  dependent  upon 
the  magnitude  of  the  force  applied,  the  extent  of  area  of  the  rudder,  and 
the  length  of  the  arm  of  the  couple  before  referred  to.  But  a  vessel  is 
not  so  pivoted,  and  turns  as  it  were  in  a  ring  and,  at  first,  about  an 
instantaneous  axis,  which  does  not  pass  through  the  centre  of  gravity  of 
the  ship.  The  following  conditions  dependent  upon  the  putting  over  a 
rudder  to  turn  a  vessel  are  chiefly  gleaned  from  a  paper  read  by  Dr. 
Woolley  before  the  British  Association. 

Assume  that  Fig.  64,  on  the  next  page,  is  a  yacht  proceeding  in  the 
direction  of  the  arrow  A.  B  is  the  rudder  put  over  to  starboard  to  an  angle 
of  35®  by  the  tiller  being  pushed  to  port,  and  the  arrow  D  represents  the 
magnitude  of  a  force  acting  upon  the  rudder  in  a  direction  at  right  angles 
to  its  surface ;  a  will  be  regarded  as  the  point  of  application  of  that  force ; 
but  the  force  D  can  also  be  taken  as  an  equal  force  acting  in  a  parallel 
direction  through  the  centre  of  gravity  of  the  yacht  x,  and  shifting  the  vessel 
sideways  in  the  direction  of  the  arrow  B,  combined  with  the  couple  of  the 
force  whose  arm  is  represented  by  the  distance  the  centre  of  effort  of  the 
rudder,  a,  and  the  distance  the  centre  of  the  laieral  resistance,  o,  are  apart. 
The  effect  is,  that  the  direct  forward  motion  of  the  vessel  becomes  altered 
to  one  of  rotation  in  the  direction  shown  by  the  curved  arrow  t  about  an 
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instantaneous  axis  k,  thus  determined :  draw  x  q  B,t  right  angles  to  D  a 
through  the  centre  of  gravity ;  and  draw  x  y  {eqv/il  to  the  radius  of  gyration 
of  the  vessel)  at  right  angles  to  a;  g.  Next  join  q  y,  and  y  Jc  is  drawn  at 
right  angles  to  q  y,  catting  x  qin  k  produced ;  and  k  is  the  instantaneous 
axis.  By  ^^  instantaneous  axis  "  is  meant  the  point  on  which  the  vessel 
turns  upon  feeling  the  first  influences  of  the  rudder,  and  this  point  generally 
lies  considerably  before  the  centre  of  gravity;  hence  it  always  appears 
that  the  stem  of  a  vessel  moves  much  faster  than  her  head  in  turning; 
and  this  is  really  so  at  first,  but  when  the  vessel  is  kept  turning  the  axis  of 
rotation  shifts  aft  until  it  rests  in  the  centre  of  gravity  of  the  vessel. 

Components  of  the  force  in  the  direction  E  or  D  are  employed  partly 
in  checking  the  vessels  way,  and  partly  in  driving  her  sideways  nearly 
at  right  angles  to  her  keel.*  These  components  ultimately  balance  each 
other,  and  the  vessel  then  continues  to  turn  under  the  influence  of  the 
couple  formed  by  a  o  round  a  vertical  axis  passing  through  the  centre  of 
gravity,  aj. 


Fia.  64. 

Sensibility  to  the  helm,  i.e.,  quickness  and  readiness  in  a  ship  to  go 
about,  is  a  most  important  quality.  At  the  first  moment  the  angular 
acceleration,  which  is  the  measure  of  this  sensibility,  varies  directly  as  the 
moment  of  the  water-pressure  on  the  rudder,  and  inversely  as  the  product 
of  the  weight  of  the  ship  and  the  square  of  the  radius  of  gyration  about  a 
vertical  axis  through  the  centre  of  gravity. 

The  angular  acceleration  or  turning  motion  is  at  first  very  small,  and 
its  initial  magnitude  mainly  depends  upon  the  rapidity  with  which  the 
rudder  is  moved  so  as  to  bring  pressure  on  it,  and  upon  the  radius  of 
gyration  of  the  vessel.  As  the  angular  velocity  is  accelerated,  so  does  the 
resistance  to  rotation  increase  until  the  moment  of  resistance  balances  the 
moment  of  the  couple  formed  by  the  pressure  on  the  rudder.  The  angular 
velocity,  or  turning  motion,  then  becomes  uniform. 

*  When  a  yaoht  oames  weather  hehn  the  rudder  is  tamed  to  leeward,  and  one  effect  of  thus 
using  the  rudder  is  to  oheok  the  forward  speed  and  to  press  the  vessel  bodily  to  windward ; 
and  the  latter  influence  may  considerably  lessen  the  leeway. 
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Now  the  moment  of  the  water  pressure  on  the  rudder  varies  as  the 
length  of  the  couple  a  o  and  the  area  of  the  rudder;  and  the  radius  of 
gyration  is  dependent  upon  the  length  of  the  ship  and  the  stowage  of  her 
weights  in  a  fore  and  aft  direction  j  thus  a  long  vessel  would  have  her 
already  slow  turning  power  further  diminished  by  the  stowage  of  weights 
in  her  ends.*  If  the  arm  of  the  couple  on  which  acts  the  pressure  on  the 
rudder  be  shortened,  the  steering  efficiency  will  be  diminished;  and  it 
has  been  contended  that  a  raking  sternpost  in  this  way  shortens  the 
arm  of  the  couple.  This  in  some  cases  is,  as  in  that  of  short  vessels,  a 
mistaken  contention,  as  generally  the  centre  of  lateral  resistance  is  carried 
farther  forward  by  the  raking  sternpost  than  is  the  centre  of  effort  of  tho 
rudder. 

Beyond  this,  there  is  usually  a  much  greater  length  of  sternpost  when 
it  rakes,  and  generally  the  area  of  the  rudder  is  thereby  increased,  inas- 
much as  the  breadth  only  of  the  rudder  appears  to  be  regarded  as  a 
matter  of  importance,  and  not  its  depth,  so  far  as  yachts  are  concerned. 
Still  undoubtedly  in  the  case  of  long  vessels  with  very  raking  stemposts 
their  handiness  has  been  improved  by  taking  the  heel  of  the  sternpost 
farther  aft.  Some  yachts  with  raking  sternposts  have  enormous  rudders, 
and,  although  there  may  be  some  danger  in  using  them  in  the  case  of 
stern  way  and  in  scending,  there  is  no  doubt  they  are  efficient.  But  a 
rudder  hung  on  a  raking  sternpost  is  not  wholly  effective,  inasmuch  as 
a  component  of  the  pressure  on  it  is  exerted  in  a  vertical  direction,  and 
tends  to  drag  the  vesseFs  stem  under.  This  can  only  be  regarded  as  a 
disadvantage,  and  a  further  disadvantage  is  that  the  rudder  is  difficult 
to  put  over,  as  it  has  to  be  lifted  every  time ;  but  the  latter  difficulty  is 
overcome  by  making  the  tiller  longer  than  would  be  required  for  a  similar 
rudder  hung  on  an  upright  sternpost. 

With  regard  to  resistance  to  rotation,  this  mainly  depends  upon  tho 
area  of  the  immersed  longitudinal  section,  and  particularly  upon  tho 
amount  of  dead  wood  fore  and  aft.  By  reducing  the  dead  wood  fore  and 
aft  the  resistance  is  proportionately  decreased,  and,  moreover,  the  radius 
of  gyration  would  be  somewhat  shortened  by  the  reduction  of  the  fore  and 
aft  weight ;  but  almost  equal  effects  would  be  produced  by  taking  away 
from  the  dead  wood  forward  and  aft,  and  concentrating  it  in  the  middle 
of  a  vessel  under  the  keel.     The  effective  surface  for  lateral  resistance 

*  The  bad  effect  of  weights  in  the  '*  ends  *'  of  small  boats  is  very  notioeable,  and  we  have 
known  oases  where  a  boat  has  been  onred  of  a  tendency  to  miss-stays  by  simply  concentrating 
her  weights  or  ballast  amidships.  On  the  other  hand,  a  very  old  practice  10  ensore  a  small  boat 
staying  is  for  someone  to  get  into  the  bow  as  the  helm  is  put  down ;  bnt  this  was  to  lighten  aft 
and  depress  forward,  so  as  to  make  the  boat  tnm  on  her  fore  foot.  The  bow,  however,  should  be- 
reliered  of  the  weight  directly  the  boat  is  head  to  wind,  or  she  may  fail  to  "  fill "  or  faU  off. 
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would    be    maintained,    and    the    radius    of    gyration    would     be    still 
shortened.* 

To  sum  up,  the  quickness  of  a  vessel  in  answering  her  helm  and  the 
smallness  of  the  circle  in  which  she  will  turn  depend : 

1.  Upon  the  smallness  of  the  weight  of  the  vessel  and  her  radius  of 
gyration. 

2.  Upon  the  area  of  the  rudder,  and  the  length  of  the  couple  upon 
which  it  acts,  and  upon  the  time  it  takes  to  put  the  rudder  over. 

3.  Upon  the  area  and  form  of  the  immersed  longitudinal-vertical 
section  of  the  vessel. 

The  double-boarded  boat,  as  depicted  in  Fig.  65,  affords  peculiar 
advantages  for  lengthening  the  arm  of  the  turning  couple,  as  by  lifting 
the  board  {h)  the  centre  of  lateral  resistance  is  thrown  very  much  forward, 
:and  the  area  of  dead  wood  at  the  after  end  (which  might  be  necessary  in 
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a  sailing  vessel  to  check  leeway  or  to  balance  sails)  is  considerably 
reduced.  In  tacking,  if  the  vessel's  "  way "  were  stopped  as  she  came 
head  to  wind,  and  the  rudder  thereby  became  useless,  the  fore  board  d 
could  be  raised  and  the  after  board  lowered,  and  thus  the  head  of  the 
vessel,  by  aid  of  the  fore  sails,  would  readily  fall  off  the  wind. 

All  kinds  of  fanciful  forms  have  been  given  to  rudders,  and  a  practice 
came  in  a  few  years  ago  of  putting  the  greatest  breadth  near  the  surface  of 

*  Light  centre-board  yachts  are  frequently  said  to  be  more  sluggish  in  stays  than  keel  yachts, 
and  no  doubt  there  is  some  truth  in  this,  although,  looking  to  their  immersed  form  alone,  they  ought 
undoubtedly  to  turn  quicker  than  keel  yachts ;  but  we  are  inclined  to  think  that  the  superiority 
of  the  keel  yacht  in  this  respect  is  owing  to  her  greater  momentum  due  to  her  greater 
weight,  BO  that  she  carried  her  way  until  well  round  on  the  other  tack.  If  two  vessels  are  to  be 
impelled  by  an  equal  force  at  equal  speeds,  and  one  vessel  is  heavier  than  the  other,  then  it  will 
take  a  longer  time  to  get  the  heavier  vessel  up  to  the  required  speed  than  it  would  the  lighter 
vessel ;  so  also  when  the  force  is  withdrawn  it  will  take  a  longer  time  to  exhaust  the  momentum 
due  to  the  speed  of  the  heavier  vessel  than  it  would  the  momentum  of  the  lighter  vessel.  Thus 
heavy  vessels  (although  they  may  be  turning  in  a  circle  of  greater  radius)  are  said  to  "  shoot  '* 
far  in  stays,  and  fill  on  the  other  tack  without  losing  way.  The  assumed  advantages  which  a 
heavy  vessel  has  in  this  respect  will  be  more  apparent  in  strong  winds  when  the  momentom, 
due  to  high  speeds,  is  very  great ;  the  case  of  a  steam  vessel  which  has  continuouB  propulsion, 
whilst  turning  is  of  course  difFerent. 
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the  water.  We  believe  this  practice  was  owing  to  a  vessel  once  having 
the  lower  half  of  her  rudder  accidentally  carried  away,  and  the  subsequent 
report  that  she  steered  better  with  the  part  than  with  the  whole.  We  are 
inclined  to  think  that  in  this  case  the  inefficiency  of  the  entire  rudder 
depended  on  its  being  too  big  for  the  crew  to  use;  at  any  rate,  an 
experiment  made  by  Mr.  Froude  with  a  model  of  H.M.S.  Encounter  clearly 
proved  that  the  lower  half  of  a  rudder  is  more  effective  than  the  upper 
half.  The  rudder  was  in  two  parts,  i.e.,  squares  of  equal  dimensions,  and 
it  was  found  that  the  upper  half  required  to  be  put  over  to  20°  to  balance 
the  lower  half  at  10°,  in  order  that  the  vessel  might  follow  a  straight  line. 
In  the  case  of  a  very  raking  stempost  there  may  be  a  small  advantage 
in  having  the  broadest  part  of  the  rudder  in  the  top  half,  as  its  centre  of 
effort  would  thereby  be  carried  farther  aft ;  but  generally  there  can  be 
no  doubt  that  the  deeper  the  main  area  of  the  rudder  is  immersed,  clear 
of  the  fulness  of  the  after  body,  the  more  effective  it  is.      As  a  clean 


run  aft  is  a  great  assistance  to  the  effectiveness  of  the  rudder,  it  is  quite- 
possible,  if  an  experiment  similar  to  that  tried  on  the  Encounter  were 
tried  with  a  yacht,  that  a  less  difference  in  the  effectiveness  of  the  two 
halves  might  be  found.  The  advantage  of  keeping  the  rudder  well 
immersed — ^both  in  smooth  and  disturbed  water — is  so  well  understood  by 
smaU  boat  sailers  that  we  find  many  small  and  shallow  craft  with  their 
rudders  dropping  considerably  below  the  keel.  The  only  disadvantage  of 
this  arrangement  is  that,  if  the  boat  carried  much  weather  helm,  and  if  the 
centre  of  effort  of  the  rudder  were  much  below  the  centre  of  lateral 
resistance,  the  pressure  on  the  rudder  would  tend  to  increase  the  boat's 
heel,  although  not  to  a  considerable  extent.  (These  rudders  are  so  hung 
that  in  shallow  water  they  lift  without  unshipping.) 

In  the  other  small  craft,  and  in  torpedo  boats  and  steam  launches,  the 
whole  of  the  dead  wood  aft  is  frequently  cut  away  and  the  rudder  hung 
free  under  the  stem   like   the   blade  of  an  oar  (see   Fig.  (56).      It  was 
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formerly  thought  that  a  rudder^s  action  was  increased  by  the  dead  wood, 
hut  it  is  difficult  to  see  how  this  could  be ;  at  any  rate,  the  removal  of 
the  dead  wood  aft  more  than  compensates  for  its  presence  by  allowing 
the  stem  to  move  readily  away  in  the  direction  of  the  arrows  D  and  E 
(Fig.  64). 

There  appears  to  be  no  definite  rule  for  determining  the  breadth  or 
area  of  rudders  in  sailing  yachts,  but  in  proportion  to  the  area  for  lateral 
resistance  it  is  much  greater  in  small  yachts  than  in  large,  for  the  reason 
that  there  is  a  limit  to  the  size  of  rudder  a  helmsman  can  handle.  Beyond 
this,  large  rudders  are  highly  dangerous,  especially  in  the  case  of  making 
sternboards  and  in  scending  in  a  heavy  sea. 

In  yachts  up  to  40ft.  length  of  load-line  the  area  of  rudder  may  be 
found  as  much  as  ^  the  area  for  lateral  resistance,  but  in  a  yacht  of  80ft. 
length  it  is  seldom  more  than  -^  of  that  area ;  and  in  large  schooner  yachts 
no  more  than  -^.  The  width  of  rudders  to  some  extent  is  governed  by  the 
depth  of  a  vessel,  and  will  be  found  to  vary  from  -^  the  length  of  L.W.L. 
in  small  vessels,  to  ^  to  ^  in  large,  according  to  the  shape  of  the  rudder. 
If  the  rudder  is  much  rounded  away  the  breadth  is  increased  in  order  to 
obtain  the  necessary  area.  The  area  of  rudders  of  steam  yachts  is  some- 
what less  than  in  sailing  yachts,  and  the  breadth  is  largely  governed  by  the 
draught  of  water. 

With  regard  to  the  relative  efficiency  of  broad  and  narrow  rudders,  it 
appears,  from  experiments  made  for  the  Admiralty  some  years  ago,  that 
a  rudder  of,  say,  3ft.  in  breadth,  put  over  to  an  angle  of  30°,  would 
have  double  the  efficiency  or  turning  power  of  one  6ft.  in  breadth  put 
over  to  half  the  angle,  or  15° ;  and  the  force  required  to  move  the  rudder 
would  be  the  same  in  either  case.  Thus  there  can  be  no  increase  in  the 
efficiency  of  a  rudder  by  the  mere  addition  of  breadth  without  an  increase 
in  the  power  to  use  it,  and  a  very  large  rudder,  if  used  so  as  to  obtain  its 
greatest  efficiency — which  is  found  to  be  when  put  over  to  an  angle  of 
about  35° — means  a  great  retardation  of  speed ;  or,  the  smaller  the  circle  a 
vessel  is  made  to  turn  in,  the  more  speed  will  be  retarded.  A  variety  of 
steering  gear  has  from  time  to  time  been  introduced,  which,  by  the  aid  of 
the  wheel,  has  enabled  one  man  to  do  the  work  of  two  or  three.  Of  these 
contrivances  Jarman's  is  the  one  most  generally  used ;  but,  so  far  as  racing 
yachts  are  concerned,  we  think  a  long  tiller  and  relieving  tackle  are  to  be 
preferred. 

As  a  rule  no  calculation  is  made  in  fitting  a  vessel  with  a  tiller,  although 
but  roughly  it  is  generally  about  one-tenth  the  length  on  load  line  ;  if  the 
rudder  cannot  be  readily  used  with  the  tiller,  extra  tackles  are  fitted  to  it, 
or  the  tiller  is  discarded  and  a  longer  one  used  in  its  place.     However,  a 
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very  simple  calculation  will  approximately  show  the  force  that  would  be 
required  at  the  tiller  head  for  any  given  area  and  angle  of  rudder,  length  of 
tiller  and  speed.  At  a  speed  of  6  knots  the  resistance  of  a  plane  moved  at 
right  angles  to  its  surface  is  1121b.  per  square  foot,  and  the  resistance 
increases  as  the  square  of  the  speed  ;  also,  the  resistance  to  a  plane  moved 
obliquely  in  water  varies  nearly  as  the  sine  of  the  angle  of  inclination. 
Then,  say  that  the  rudder  had  an  area  of  30  square  feet,  and  put  over  to  an 
angle  of  3(f;  then  112  x  30  x  (0-5  sine  of  angle)  =  16801b.  That  is,  the 
pressure  on  the  rudder  put  over  30°  whilst  the  vessel  is  moving  at  a  con- 
tinuous speed  of  6  knots,  will  be  16801b.  This  force  of  16801b.  is  exerted 
on  a  lever,  the  length  of  which  is  the  distance  the  centre  of  pressure  on  the 
rudder  is  from  the  stempost.  The  centre  of  pressure  on  planes  moved 
obliquely  in  fluids  is  not  at  the  geometrical  centres,  and  experiments  have 
shown  that  the  resultant  of  pressure  on  a  rudder,  when  inclined  to  30°,  is  at 
or  near  one-third  the  breadth  from  the  anterior  edge,  or  edge  next  the  stem- 
post.  This  has  been  well  proved  by  '^  balanced  "  rudders  pivoted  at  or  near 
one-third  their  breadth  from  their  fore  edge;  no  power  is  required  to  put  the 
rudder,  so  pivoted,  over  beyond  that  necessary  to  move  the  water,  and  to 
overcome  the  friction  of  pintles,  rudder  post,  and  the  effort  that  would  be 
required  to  move  the  rudder  if  the  vessel  were  not  in  the  water. 

If  the  rudder  had  an  average  breadth  of  3ft.,  the  resultant  of 
pressure  on  it  would  thus  be  1ft.  from  its  edge  next  the  stempost,  and 
the  length  of  lever  on  which  the  pressure  on  the  rudder  acted  would 
therefore  be  1ft. ;  and  1680  x  1ft.  =  1680  foot-pounds  which  is  the  moment 
to  be  overcome  by  a  force  at  the  tiller  head.  The  magnitude  of  this 
required  force  can  be  calculated :  thus,  say  the  tiller  is  8ft.  long,  then 
the  force  required  at  its  head  to  balance  the  moment  of  the  rudder,  when 
put  over  to  30°,  will  be  thus  found  : 

i««5jil=  21011,. 
8 

That  is  to  say,  a  steady  pressure  of  2101b.  would  be  required  at  the  tiller 
head  to  keep  the  rudder  over  at  30°  if  the  vessel  were  moving  at  a  con- 
tinuous speed  of  6  knots. 

All  other  things  being  equal,  the  diameters  of  the  circles  vessels  will 
make  in  turning  are  in  direct  ratio  to  their  dimensions.  Thus,  take  two 
yachts,  one  of  25  tons  and  the  other  200  tons  :  their  length  would  be  50ft. 
and  100ft.,  and  the  yacht  of  50ft.  should  in  turning  describe  a  circle  of  just 
half  the  diameter  of  the  one  100ft.  long.  The  latter  will  describe  a  circle 
in  turning  of  about  twice  her  own  length,  or  200ft.  in  diameter  (assuming 
her  to  be  under  continuous  steam  power,  with  her  helm  over  to  35  ),  at 
a  speed  of  eight  knots,  in  about  two  minutes,  as  the  direct  speed  would  be 
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retarded  nearly  two-thirds.  Under  sail,  however,  and  in  getting  from  one 
tack  to  the  other,  a  yacht  does  not  describe  a  circle,  but  only  one-fourth, 
or  the  arc  of  a  quadrant,  if  she  lies  four  points  from  the  wind;  and 
presuming  a  yacht  in  tacking  traversed  the  whole  arc  of  a  quadrant  from 
the  force  of  a  direct  speed  of  eight  knots  an  hour,  she  would  be  a  little 
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under  half  a  minute  in  getting  from  one  tack  to  the  other.  For  the  purpose 
of  illustration,  we  can  assume  that  a  yacht  maintains  uniform  speed  whilst 
turning.  In  Fig.  67  A  N  D  form  a  quadrant,  and  let  E  be  a  yacht 
proceeding  in  a  direction  parallel  to  B  A  D,  with  the  wind  blowing  as  shown 
by  the  arrow,  four  compass  points  or  45°  from  her  course.     The  yacht  when 
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in  the  position  P  would  be  head  to  wind,  and  when  at  H  would  be  on  the 
other  (port)  tack,  on  a  course  at  right  angles  to  that  at  E.  But  the  speed 
of  the  yacht  would  diminish  from  the  time  her  helm  was  put  down,  and 
when  she  arrived  at  P,  head  to  wind,  her  propelling  power  would  be  gone 
entirely.  She  would  proceed  a  little  farther  on  the  arc  of  the  quadrant 
under  the  influence  of  her  rudder,  but  would  eventually  pay  off,  under  the 
action  of  her  head  sails,  and  come  fairly  on  the  other  tack  (proceeding  in  a 
direction  parallel  to  A  N),  somewhat  in  the  direction  K. 

As  a  matter  of  fact,  the  portion  of  the  circle  which  a  yacht  describes 
in  tacking  is  always  of  greater  radius  than  her  own  length,  or  the  circle 
in  diameter  is  greater  than  twice  that  length.  The  helm  cannot  (and 
frequently  it  would  be  inadvisable  so  to  do)  be  put  over  to  35°  suddenly 
in  large  yachts,  and  generally  the  yacht  will  be  head  to  wind  before 
the  helm  is  so  over  to  35°.  Thus  in  a  large  yacht,  say  of '  100  tons,  the 
helm  cannot  very  well  be  put  down  too  quickly,  or  indeed  even  quickly 
enough.  On  the  other  hand,  in  small  vessels,  the  helm  may  be  put  over 
too  suddenly,  and,  by  forcing  the  yacht  to  describe  a  segment  of  a  circle  of 
very  small  radius,  her  way  becomes  deadened ;  so  that,  when  she  gets  on 
the  other  tack,  she  rests  motionless  in  irons,  instead  of  springing  off  with 
way  almost  unchecked.  This  is  a  very  important  matter,  as  successful 
tacking  does  not  depend  upon  merely  getting  from  one  tack  to  the  other, 
but  in  getting  off  on  the  other  tack  without  losing  way.  The  helmsman  of 
a  large  craft  cannot  easily  make  a  blunder,  as  generally  the  speed  with 
which  he  can  walk  a  tiller  down  to  leeward  is  that  most  suitable  for 
preserving  continuous  way  in  tacking.  This  is  not  the  case  in  small 
vessels,  as  the  tiller  can  be  put  over  with  one  hand  suddenly,  and  the 
vessel  brought  head  to  wind  (when,  of  course,  her  propelling  power  is  nearly 
gone)  in  from  three  to  five  seconds.  Now  it  is  obvious  that  some  turning 
power  is  required  after  a  vessel  is  head  to  wind,  as  at  that  point  she  is  only 
half-way  towards  getting  on  the  other  tack,  and  no  help  can  be  obtained 
from  the  rudder  if  there  be  no  way  on  the  vessel.  Thus,  if  a  vessel's  way 
be  stopped  before  she  be  fairly  on  the  other  tack,  the  head  sails  will  have 
to  be  kept  a-weather ;  but  in  smooth  water  at  least,  and  in  a  whole-SLil 
breeze,  a  skilful  helmsman  will  never  require  such  aid,  but  will  tack  his 
vessel  fairly  by  the  influence  of  the  rudder,  the  head  sheets  being  lightened 
op  of  course;  but  not  before  the  luff  or  fore  edges  of  the  sails  begin  to  lift,  and 
as  a  rule  the  jib  sheet  should  be  the  first  to  be  eased,  as  it  will  be  the  first 
to  lift  when  the  yacht  is  about  half  way  towards  the  head  to  wind  point. 
The  sail  will  no  longer  be  of  use  as  a  propelling  force,  and  what  little  wind 
it  holds  will  now  only  tend  to  check  the  vessel  coming  into  the  wind.  As 
she  begins  to  pay  off,  the  head  sails  would  be  sheeted  to  the  marks. 
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It  slionld  not  be  lost  sight  of  that  in  performing  the  first  half  of  the 
operation  of  tacking — ^that  is,  bringing  a  vessel  head  to  wind — the  assistance 
given  by  the  sails  to  the  vessel  in  turning  does  not  retard  or  deaden  the 
vessel's  way  like  the  action  of  the  radder.  By  letting  fly  the  head  sheets 
at  the  right  moment,  the  centre  of  effort  of  the  other  sails  would  be  thrown 
so  far  aft  that  a  very  long  area  would  be  formed  by  the  couple  C  B  «  (see 
Fig.  57,  p.  83) .  Also  if  a  vessel  carries  a  fair  amount  of  weather  helm  it 
will  be  easy  to  tack  a  vessel  by  working  the  sheets  alone  without  actually 
putting  the  helm  down.  Directly  the  tiller  is  released  (or  the  rudder 
pressure  which  had  been  used  to  keep  her  out  of  the  wind  removed)  the 
vessel  would  fly  head  to  wind,  the  jib  sheet  being,  of  course,  also  let  go,  and, 
with  the  fore  sheet  kept  a-weather,  her  head  would  soon  pay  off ;  it  might, 
however,  in  rough  water,  be  found  necessary  to  ease  the  main  sheet  before 
she  would  gather  way,  as  the  foresail  being  aback  would,  assisted  by  the 
diving,  tend  to  put  stern  way  on.  However,  so  far  as  small  vessels  of  40 
tons  and  under  are  concerned,  they  fly  round  so  quickly  in  smooth  water  that 
there  is  barely  time  to  get  their  head  sheets  over  before  they  are  drawing 
ahead  on  the  other  tack.  At  the  Institution  of  Naval  Architects  in  1871  the 
late  Sir  E.  Belcher,  speaking  on  the  handiness  of  sailing  ships,  stated  that 
when  he  was  in  charge  of  the  Samarang  he  never  allowed  the  helm  to  be  put 
down  in  tacking.  The  helm  was  let  go  (which  means  that  the  ship  carried 
weather  helm)  and  she  came  head  to  wind,  the  head  yards  were  braced 
aback,  and  thus  the  Samarang  was  always  got  round.  In  construing  these 
remarks  it  must  not  be  assumed  that  a  vessel  will  not  stay  unless  her  head 
sheets  are  let  go ;  this  is  by  no  means  the  case,  and  a  modem  yacht  will 
oven  stay  against  her  fore  sheet  a-weather ;  the  general  principle  of  the 
influence  of  sails  in  tacking  has  only  been  kept  in  view. 

The  action  of  the  rudder  is  much  interfered  with  by  the  heeling  of  the 
vessel,  and  may  have  its  effect  diminished  from  this  cause.  However,  the 
main  difficulty  to  deal  with  in  sailing  at  large  angles  of  heel  is  the  tendency 
which  deep-bodied  vessels  with  short  after  bodies  and  steep  buttock  lines 
have  of  "  running  off  the  helm  "  as  it  is  termed ;  or,  in  other  words,  the 
tendency  of  the  vessel  to  turn  her  head  to  leeward.  This  tendency  is 
generally  observable  at  the  high  speeds  attainable  with  a  beam  or  quarter 
wind,  and  mainly  arises  from  a  deficiency  of  pressure  on  the  weather 
quarter,  relative  to  the  pressure  on  the  lee  quarter,  allowing  the  stem 
to  turn  or  lift  to  windward.  At  high  speeds  a  large  wave  trough  is 
developed  on  the  weather  side,  and  is  the  more  or  less  pronounced  as  the 
vessel  is  more  or  less  deep  in  the  bilge  or  middle  body.  The  faster  the 
vessel  is  driven  the  farther  this  trough  Avill  appear  aft  with  a  crest  under 
the  quarter;  and  also  the  shorter  the  after  body  is,  the  nearer  the  trough 
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win  be  to  the  connter  or  free  end  of  the  vessel  aft^  and  a  great  part 
of  the  pressure  from  the  wave  crest  will  be  lost.  As  the  pressure 
is  diminished  on  the  weather  side^  there  is  generally  also  an  increase  of 
pressure  on  the  lee  side^  in  consequence  of  the  full  quarter  and  connter 
becoming  submerged.  The  final  result  is,  that  the  vessel  '^runs  off  her 
helm/'  and  unless  the  tiller  be  put  to  leeward  in  sufficient  time  to  check  the 
first  symptom  of  the  tendency,  there  will  be  great  difficulty  in  bringing  the 
vessel  to.  This  does  not,  perhaps,  include  all  the  influences  which  are  at 
work  in  causing  a  vessel  to  '^  run  off  her  helm,''  but  the  main  influence  is 
as  described,  and  it  is  seldom  apparent  except  in  vessels  of  deep  form, 
as  shallower  craft  do  not  make  such  large  waves  to  windward,  and,  more- 
over, are  never  sailed  at  such  great  angles  of  heel.  This  tendency  of 
*^  rnnniiig  off  the  helm,"  should  not  be  confused  with  lee  helm,  nor  with 
the  yawing  incidental  to  sailing  in  a  sea-way,  or  to  the  varying  action  of  the 
wind  on  the  sails,  such,  for  instance,  as  when  a  vessel  is  before  the  wind. 

The  rudder  action  of  vessels  propelled  by  screws  is  attended  by  some 
anomalies  which  cannot  always  be  accurately  pre-determined.  In  the  flrst 
place,  the  action  of  a  propeller  on  a  ship  whose  helm  is  amidships  tends  to 
turn  her;  that  is,  a  right-handed  screw  will  turn  the  ship's  head  to 
«tarboard,  and  a  left-handed  one  to  port ;  and  from  experiments  made  with 
the  Great  Britain  in  1845  it  was  known  that  a  propeller,  if  suddenly 
reversed,  would  tend  to  turn  a  ship  against  her  helm  until  her  way  was 
stopped.  In  spite  of  this  knowledge,  much  attention  does  not  appear  to 
have  been  given  to  the  subject  until  the  year  1877,  when  several 
accidents  were  clearly  traceable  to  the  fact  that  the  vessels  under  port 
or  starboard  helm,  whilst  their  screws  were  being  reversed  to  deaden 
their  way,  turned  the  opposite  way  to  that  expected.  Professor  Osborne 
Seynolds  gave  the  subject  much  attention,  and  at  last,  in  1877,  succeeded 
in  getting  a  committee  appointed,  consisting  of  hinself,  Mr.  James  B.  Napier, 
Sir  William  Thomson  (now  Lord  Kelvin),  and  Mr.  W.  Froude,  to  inquire 
into  the  matter.  The  committee  made  experiments  with  the  Duke  of 
Argyll's  steam  yacht  Columba,  the  Earl  of  Glasgow's  steam  yacht  Valetta, 
And  several  large  steamers  in  the  merchant  navy. 

The  result  of  the  experiments  bore  out  all  that  was  previously  known 
or  suspected  of  the  action  of  the  screw  on  the  stoering.  With  the  steamer 
going  nine  or  ten  knots  ahead,  the  engines  were  suddenly  stopped  and 
reversed ;  simultaneously  with  the  reversal  of  the  engines,  the  helm  was 
put  hard-a-port,  the  vessel,  of  course,  still  forging  ahead.  According  to 
what  is  usual,  with  the  helm  hard-a-port  the  ship's  head  should  have  turned 
to  starboard ;  but,  instead  of  doing  this,  her  head  went  off  to  port  twenty- 
eight  degrees,  or  about  two  and  a  half  compass  points,  before  the  vessel's 
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way  was  stopped.  The  ship  was  then  turned  fall  speed  ahead .  again^  and 
when  she  had  full  way  on  the  engines  were  stopped  and  reversed  as  before^ 
but  the  helm  was  put  hard-a-starboard.  Between  the  moment  of  reversing 
the  engines  and  that  of  the  ship's  way  being  stopped,  the  ship  turned  forty 
degrees  to  starboard,  or  nearly  four  points,  or  nearly  one  eighth  of  a  circle. 
The  experiment  was  tried  over  and  over  again,  and  the  invariable  result 
was  that,  during  the  interval  of  reversing  the  engines  and  the  stoppage  of 
the  ship,  the  rudder  acted  just  contrary  to  the  way  expected. 

A  fact  hitherto  not  generally  known  was  brought  to  light,  that  the 
effect  of  the  screw  on  steering  is  largely  governed  by  its  immersion,, 
and  that  its  influence  is  greatest  when  it  is  near  the  surface  "  churning  " 
the  water.  When  deeply  immersed  it  has  little  or  no  effect  of  itself  in  turning 
a  ship  one  way  or  the  other,  and  never  under  the  most  favourable  circum- 
stances— that  is,  with  the  screw  near  the  surface,  and  a  low  speed — could  the 
ship  be  got  round  in  circle  less  than  double  the  radius  of  the  one  she  would 
describe  under  the  influence  of  her  rudder  with  the  engines  turning  ahead. 

Also  it  was  clearly  proved  that  an  experiment  is  required  for  every 
individual  vessel,  and  for  varying  speeds ;  thus,  one  steam  yacht,  with  helm 
hard  one  way  or  the  other,  may  keep  a  straight  or  nearly  straight  course^ 
whilst  her  engines  are  reversed  and  before  she  stops,  and  another  may  turn 
in  direct  opposition  to  the  way  she  should  turn  under  the  ordinary  influence- 
of  a  rudder.  It  is  thus  necessary  that  a  simple  experiment  should  be  made 
for  every  screw  steam  yacht,  so  that  her  master  might  be  acquainted  with 
her  behaviour  as  to  steering  whilst  her  engines  are  being  reversed.  It  can^ 
perhaps,  be  said  that  a  vessel  turning  through  an  arc  of  twenty  or  forty 
degrees  cannot  be  of  much  consequence  when  her  way  is  being  stopped ;. 
and  it  might  not  be  if  it  was  clearly  understood  which  way  she  was  going  to 
turn.  It  might,  however,  bo  of  the  utmost  consequence,  if  the  vessel  whilst 
losing  her  way  turned  thirty  degrees  to  port,  instead  of  thirty  degrees  to  star- 
board. This  would  practically  be  a  difference  of  sixty  degrees,  or  two-thirds 
of  a  quadrant,  and  would  be  quite  sufficient  to  bring  about  a  disaster. 

One  other  result  of  the  experiments  was  to  make  patent  what  was  not 
very  generally  known,  that  the  reversal  of  the  engines  of  a  screw  steamer 
has  but  inconsiderable  effect  on  stopping  her  way ;  and  that  the  distance 
required  to  bring  a  screw  steamer  to  rest  mainly  depends  upon  her  size,- 
weight,  form,  and  speed.  The  distance  may  roughly  be  put  down  as  five- 
or  six  times  her  own  length. 

These  peculiarities  should  be  well  known  and  be  well  considered  by  all 
in  charge  of  screw  steamers,  as  it  is  quite  plain  that  ^'  full  speed  astern  " 
may  often  bring  about  a  collision,  whereas  steaming  ahead  and  using  the 
rudder  might  avoid  it.     This  may  be  especially  the  case  if  a  steamer  is> 
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approaching  another^  or  approacliing  a  shore^  in  an  oblique  direction.  Say 
that  the  ship  or  shore  bears  on  her  port  bow  six- or  seven  lengths  ofE,  and 
by  continuing  she  would  strike  the  ship,  or  in  the  case  of  the  shore  go 
aground ;  if  she  ported  her  helm  and  reversed,  she  might  be  carried  stem 
•OD  to  the  very  object  she  hoped  to  avoid ;  whereas  by  porting  her  helm  and 
Bteaming  ahead  she  might  have  cleared  it,  or  by  only  stopping  the  engines, 
and  not  reversing  them,  she  might  have  gone  clear. 

A  screw  steamer  will  generally  turn  in  a  circle  whose  radius  is  about 
four  times  her  own  length,  and  stop  in  a  distance  equal  to  about  six  times 
her  own  length  :  thus  far,  if  the  object  to  be  avoided  were  six  lengths  off, 
it  could  be  avoided  by  turning  under  full  speed.  This,  however,  supposes 
that  the  steamer  can  be  given  her  full  rudder  power  (about  thirty-five 
degrees)  at  once ;  whereas  the  fact  is  that  it  takes  a  very  considerable  time 
to  get  a  rudder  hard  over  when  a  steamer  is  at  full  speed,  and  very  seldom 
is  there  power  enough  at  the  helm — perhaps  only  one  man — at  the  moment 
to  do  it.  Of  course,  by  stopping  the  engines  the  power  gained  by  the 
helmsman  over  the  r adder  would  be  increased ;  and  generally  it  would 
appear  to  be  the  wisest  plan,  when  a  screw  ship  gets  into  such  a  position 
that  it  is  almost  certain  she  will  strike  some  object  ahead,  for  her  to  stop 
her  engines  and  put  the  helm  over  just  as  if  the  engines  were  still  turning 
ahead.  Of  course,  the  engines  could  be  reversed  and  the  helm  put  the 
other  way,  to  assist  the  effect  of  the  backward  motion  of  the  screw  on  the 
turning  ;  but,  unless  the  person  in  charge  is  thoroughly  acquainted  with 
the  behaviour  of  the  ship  under  all  conditions,  simply  stopping  the  engines 
and  making  as  much  use  of  the  rudder  as  possible  would  appear  to  be  the 
wisest  course,  as,  if  the  screw  is  not  revolving,  the  vessel  will,  of  course, 
steer  like  an  ordinary  sailing  ship. 

As  before  said,  very  few  steam  yachts  behave  exactly  the  same  under 
the  influence  of  the  rudder  during  stem  way,  or  under  the  influence  of  the 
screw  alone  with  the  rudder  amidships ;  and  it  will  be  found  incumbent  in 
most  cases  to  make  an  experiment  with  every  steamer  in  order  to  discover 
her  peculiarities.  In  the  first  place,  it  should  be  ascertained  how  far  she 
will  go  before  losing  way  when  the  engines  are  stopped  from  full  speed 
ahead,  and  from  half  speed  ahead ;  also  the  distance  she  will  traverse  before 
losing  way  whilst  assisted  by  her  engines  being  reversed.  Next  it  should 
be  ascertained  how  many  compass  points  the  vessel  will  turn  before  losing 
way;  and  how  many  points  she  will  turn  and  in  what  direction,  before 
losing  way,  whilst  the  engines  are  being  reversed.  Also,  the  steering 
should  be  thoroughly  tested  whilst  the  steamer  has  stern  way  on. 


CHAPTER  VIIL 
RESISTANCE  TO  VESSELS  MOVING  IN  WATER. 


Until  about  the  year  1852  it  was  generally  supposed  that  a  vessel,  on 
being  impelled  through  the  water,  encountered  some  kind  of  direct  head 
resistance,  the  measure  of  which  was  the  area  of  the  greatest  transverse 
section  and  the  velocity  of  the  vessel  moved.  The  investigations,  however, 
made  by  the  late  Professor  Bankine,  and  more  recently  those  made  by  Mr. 
W.  Froude,  show  that  no  such  direct  head  resistance  can  exist — ^that  is,  no 
resistance  analogous  to  that  which  a  board  would  meet  with  on  being  moved 
as  a  vertical  plane  through  the  water.  If,  however,  vessels  of  different 
extreme  dimensions  are  of  similar  form,  then  their  respective  midship 
section  areas  might  be  a  just  means  of  comparison,  but  only  for  the  same 
reason  that  length  or  breadth  would  be  just  elements  for  comparison 
in  vessels  whose  forms  and  proportions  were  constant. 

There  are  two  principal  sources  of  resistance  to  deal  with;  the  first 
is  that  known  as  ''surface  friction,^'  "skin  friction, '^  or  "skin  resistance;  '* 
and  the  second  is  the  resistance  due  to  the  formation  of  waves ;  another 
resistance  due  to  the  making  of  eddies  is  of  minor  importance. 

The  eddies  are  usually  created  round  the  stem  and  stem ;  but  yachts 
are  so  formed  that  the  eddies  in  the  wake  are  unimportant,  as  the  water 
ro-nnites  astern  with  scarcely  perceptible  eddy  commotion.  With  regard 
to  eddies  at  the  stem,  they  are  as  little  likely  to  be  observable;  but  a 
very  thick  or  broad  stem  would,  by  reason  of  its  large  direct  resistance, 
meet  with  such  eddy  resistance  as  well,  the  reason  being  that  the 
continuity  of  the  stream  lines  would  be  broken  up.  This  was  called  by 
the  late  Professor  Bankine  "  the  distortion  of  particles  of  water.^^ 

This  resistance  would  be  equal  to  the  resistance  offered  by  the  particles 
of  water  to  separation  and  to  the  different  influences  of  frictional  action 
the  particles  of  water  uudergo  in  passing  each  other.  Water  according 
to  its  densiiy  has  the  properties  of  viscosity,  and  stiffness,  and  resistance 
due  to  this  viscosity  will  be  more  apparent  in  salt  water  than  in  fresh  or 
river  water. 


Surface  Friction  Resistance. 
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SuBFACfi  Friction  Resistance. 

Snrface  friction  is  caused  by  the  adhesion  of  the  water  to  the 
immersed  surface  of  the  vessel^  and  it  exists  at  all  speeds;  its  quality  is 
dependent  upon  the  smoothness  or  roughness  of  the  surface,  and  within 
certain  limitations  (the  friction  gradually  decreasing  as  the  after  end  of  the 
vessel  is  approached)  to  the  length  of  the  surface  acted  upon. 

Referring  to  the  fact  that  frictional  resistance,  up  to  certain  lengths 
of  body,  is  graduated  and  is  greatest  at  the  entrance,  Mr.  Froude  remarked 
that  such  might  be  expected,  because  the  fore  part  of  the  body  must  give 
motion  to  the  water  in  the  direction  in  which  itself  is  travelling,  and 
"consequently  the  portion  of  burface  which  succeeds  the  first  will  be 
rubbing,  not  against  stationary  water,  but  against  water  partially  moving 
in  its  own  direction,  and  cannot  therefore  experience  so  much  resistance 
from  it/'  However,  with  bodies  of  50ft.  and  upwards  in  length  it  is  safe 
to  treat  the  frictional  resistance  as  equal  all  over  the  surface,  and  this  is 
commonly  done  for  over  30ft.  lengths. 

Upon  a  body  50ft.  in  length,  moved  at  a  velocity  equal  to  6  knots 
an  hour,  Mr.  Froude  found  that  the  mean  frictional  resistance  of  clean 
copper  sheathing  is  •2461b.  (or  in  round  numbers  Jib.)  per  square  foot 
of  wetted  surface ;  for  a  blackleaded  surface  •2481b. ;  for  smooth  varnished 
surface,  •2501b.;  for  Jesty's  or  other  equally  good  compositions,  •2501b. 
For  lengths  over  50ft.  the  mean  resistance  would  be  somewhat  less,  but 
as  the  ratio  of  decrease  is  so  small  for  lengths  exceeding  50ft.,  the  values 
given  can  be  taken  as  constant.  The  friction  resistance,  on  the  surfaces  just 
quoted,  increases  nearly  with  the  square  of  the  speed,  or  actually  as  the 
1"83  power  of  the  speed ;  but  in  the  case  of  very  rough  surfaces,  such  as  a 
bottom  fouled  by  barnacles,  weeds,  &c.,  the  increase  may  ri  ach  the  cube  of 
the  speed. 

At  six  knots  the  variation  with  the  length  of  the  intensity  of  the 
frictional  resistance  is  as  follows :  (The  resistance  is  expressed  in  fractions 
of  a  pound  per  square  foot.) 


Length  of  Bosrd. 

2ft 

8ft. 

2Wt. 

sort 

Bright  copper    

•410 
•900 

•325 
•625 

•278 
•534 

•250 

Foal c  pper    

'488 

Power  of  speed  to  which  i  «  .  ,  .  ^,  ^, 
res^stanoe  ia  propor-  {  5"^^*  «*"P*' 

Speed* 
Speed* 

Speed  »w 
Speed* 

Si.eed»^M 
Speed* 

Speed  »•« 
Speeds 

The  foul  copper  was  a  surface  covered  with   a   coarse    shore  sand 
such  as  used  for  cement  stucco  work,  and  fairly  represents  an  ordinary 
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foul  bottom;  but,  as  before  said,  with  a  bottom  thickly  fouled  with 
barnacles,  say,  as  large  as  hemp  seed,  the  resistance  may  reach  nearly 
lib.  per  square  foot,  and  vary  nearly  as  the  cube  of  the  speed. 

For  ordinary  calculations  for  bodies  of  a  load  water-line  length  of  30ft. 
and  upwards  it  will  be  sufficient  to  take  it  as  a  fact  that  the  resistance  for 
a  copper  bottom  increases  as  the  square  of  the  speed ;  or  say  it  is  •251b.  per 
square  foot  at  six  knots,  then  for  other  speeds  it  will  be  as  follows : 


Sneedin 

1 
BeslRtanne  in  lb.  * 

Speed  in 

Enota. 

per  Square  Foot. 

Knots. 

per  Square  Foot. 

5-0 

•170 

10-5 

•770 

6-5 

•208 

110 

•845 

6-0 

•250 

11-5 

•921 

6-5 

•294 

120 

1-000 

7-0 

•340 

12-5 

1083 

7- 

•390 

130 

1171 

80 

•444 

135 

1263 

8-5 

•500 

14-0 

1-360 

90 

•560 

145 

1^458 

9-5 

•626 

150 

1-562 

100 

•700 

155 

1-670 

That  is  to  say  in  round  numbers  at  6  knots  it  is  Jib.  per  square  foot ;  at 
8^  knots  it  is  ^Ib. ;  at  10^  knots  it  is  fib. ;  and  at  12  knots  lib.,  and  so  on. 

It  is  worthy  of  note  that  for  any  given  area  the  frictional  resistance 
is  somewhat  less  for  a  narrow  and  deep  model  than  for  a  broad  and  shallow 
model  which  has  a  broad  angle  of  entrance. 

Wave  Making  :  The  Wave  Line  Theory. 

The  resistance  due  to  the  formation  of  waves  is  involved  in  great 
complexity,  and  no  perfectly  satisfactory  solution  of  the  whole  problem 
has  yet  been  given  to  the  world.  However,  this  much  is  known,  that 
until  a  speed  is  attained,  when  the  formation  of  waves  is  appreciable, 
nearly  the  whole  of  the  resistance  up  to  the  attainment  of  that  'speed  is 
produced  by  surface  friction  alone. 

Mr.  Scott  Bussell  was  the  first  to  define  the  important  part  wave- 
making  plays  in  the  resistance  met  with  by  vessels  moving  in  water; 
and  although  his  theory,  as  to  the  creation  of  waves  by  a  vessel  so  moving, 
is  not  now  accepted  as  a  true  solution  of  the  phenomenon,  yet  there  is 
abundant  evidence  of  the  correctness  of  the  fundamental  part  of  his  theory, 
that  there  is  a  length  of  entrance  and  run  adapted  for  any  given  speed ; 
and  if  that  given  speed  be  exceeded  the  resistance  due  to  wave  making 
will  be  very  considerable. 

The  wave  making  involved  in  Mr.  Rcott  Eussell's  theory  consisted  of 
a  bow  wave  and  stern  wave,  with  supplementary  following  waves  astern  in 
the  wake  of  the  vessel  moving. 


Seott  Russell's  Wave-line  Theory. 
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He  described  the  wave  at  the  bow  as  '^  solitary/'  travelling  on  in 
front,  80  long  as  the  vessel  keeps  moving,  in  an  unbroken  form,  when  the 
speed  is  moderate,  and  with  the  vessel's  bow  partly  in  it.  Mr.  Scott 
Russell  described  it  as  the  "  wave  of  translation,"  or  wave  of  displacement, 
and  assumed  and  defined  its  properties.  In  outline  he  found  it  formed 
a  curve  of  versed  sines,  and  that  it  will  only  attain  its  natural  velocity  due 
to  its  length  in  water  of  certain  depths,  and  the  speed  of  the  vessel  will 
suffer  if  she  be  driven  in  shallow  water  at  greater  velocities  than  the  wave 
can  naturally  travel  in  such  water.  This  is  a  fact  which  may  be  constantly 
observed  when  steamboats  are  navigating  comparatively  shallow  rivers 
the  wave  formation  becoming  much  distorted  and  seriously  diminishing  the 
speed.  Sabjuined  is  Mr.  Scott  Russell's  table  of  the  velocity  and  length 
of  the  bow  wave  in  given  depths  of  water. 


i 

iti 

a 

t 

i 

"5 

"5^ 

1! 

rr. 

FT. 

FT. 

FT. 

<i06 

0-87 

1 

0-42 

8-08 

9.55 

11 

50-82 

0-33 

1-74 

2 

168 

9-50 

10-42 

12 

60*48 

0-60 

2-60 

3 

8-78 

11-33 

11-29 

13 

70-98 

107 

3-47 

4 

6-72 

13-20 

1216 

14 

82-32 

164 

4*84 

5 

10-50 

1500 

13-03 

15 

94-50 

2-33 

5-21 

6 

1512 

1700 

13-90 

16 

107-5i 

3-25 

6-08 

7 

20-58 

19-25 

14-76 

17 

121-38 

4-25 

6-95 

8 

26-88 

21-75 

15-63 

18 

136  08 

5-42 

7-82 

9 

34-02 

2412 

16-50 

13 

151-62 

6-67 

8-68 

10 

4200 

26-50 

17-40 

20 

16800 

In  water  deeper  than  26ft.  any  bow  wave  possible  for  a  ship  to  make 
would  travel  at  its  natural  velocity. 

When  Mr.  Scott  Bussell  made  the  discovery  that  the  bow  wave  formed 
in  outline  a  curve  of  versed  sines,  he  very  plausibly  made  it  an  essential 
part  of  his  theory  that  the  water  lines  of  the  bow  (the  outlines  of  the 
horizontal  sections)  should  form  curves  of  versed  sines,  or  wave  lines; 
also,*  such  a  bow  he  declared  to  be  the  "  form  of  least  resistance,"  and 
he  supported  his  view  of  the  case  by  numerous  experiments  with  models 
of  variously  formed  bows,  and  the  result  of  his  experiments  led  him 
to  the  conclusion  that  a  curve  of  versed  sines  is  the  line  of  least 
resistance.t 

*  Sm  the  "  Tranaaotioius  of  the  Institution  of  Naval  Arohiteots  "  for  the  years  1860, 1861, 
and  1879. 

t  To  oonBtmot  a  onrve  of  versed  sines  (see  Fig.  68),  divide  the  length,  a  c,  into  a  number  of 
«qoaL  iMurts  by  the  ordinates  1,  2,  3,  4,  5,  6,  7,  8 ;  make  a  semi-circle  with  a  diameter,  a  b,  equal 
to  half  the  breadth  of  the  vessel  on  the  load  water-line  ;  divide  the  semi-circle  into  a  number  of 
«qual  angnlar  intervals  radiating  from  «,  equal  to  the  number  of  ordinates;  from  the  latter 
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He  argued,  and  supported  his  arguments  by  most  ingenious  illustrations^ 
that  the  wave  line  bow  pushes  the  water  away  as  it  advances  in  a  manner 
which  tends  to  produce  on  the  water's  surface  the  exact  versed  sine  wave  of 
translation.  The  vessel,  he  insisted,  pushed  away  progressively  layers  of 
water,  and  as  there  is  no  room  for  these  layers  in  the  surrounding  element 
abreast  or  below  they  come  to  the  surface  in  the  form  of  a  wave  spread 
over  a  large  area,  and  corresponding  in  form  to  the  order  in  which  they 
were  pushed  away  at  different  points  in  the  bow.  If,  however,  the  bow  has 
not  wave  lines,  but  convex,  and  wedge-shaped  full  vertical  sections,  the 
blows  from  the  bow  instead  of  being  delivered  in  a  more  or  less  horizontal 
direction  are  given  in  a  more  or  less  downward  direction,  and  the  water 
surrounding  the  bow  is  thus  forced  down  on  an  imaginary  plane,  which  will 
not  yield  because  it  is  ''  full  of  water  below.'*  The  water  which  is  struck 
by  the  bow,  finding  it  cannot  get  "below,"  turns,  as  it  were,  on  the 
imaginary  plane,  or  is  deflected  in  an  upward  direction  and  ultimately 
finds  its  way  to  the  surface  in  an  ill-shapened  mass  not  at  all  resembling 
the  "  wave  of  translation ; "  there  is,  therefore  a  great  waste  of  energy. 

diTisions,  at  their  intersectioxi  with  the  half  circle,  produce  lines  parallel  to  a  c  (which  can  be 
taken  as  the  line  representing  the  length  of  the  forebody  on  the  load  water-line) ;  the  intersections 
<if  these  lines  with  the  ordinates  1,  2,  3,  4,  5,  6,  7,  will  be  points  in  the  curve. 
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As  a  carve  of  versed  sines  is  constaub  for  all  lengths  or  diameters,  the  ordinates  1,  2,,  3  bear 
\  oonstant  ratio  to  a  6,  and  that  ratio  is  as  set  out  in  the  table.     The  half -breadth,  a  b.  No.  8, 


1 

2 

3 

4 

5 

6 

7 

8 

•03806 

•14644 

•30866 

•50000 

•69134 

•85355 

•96194 

100000 

will  be  mnltiplied  by  the  factors,  and  the  products  will  be  the  lengths  of  the  res];)ective  ordinates 
1,  2,  3,  4,  5,  6,  7. 

It  will  be  seen  that  No.  4  ordinate  is  equal  to  half  the  diameter  of  the  semi-cirde,  or 
one  half  of  No.  8  ordinate ;  and  if  another  figure  similar  to  Fig.  68  were  constructed,  and  the 
pair  laid  together,  it  would  be  found  that  the  convex  part  of  one  curve  wou'd  exactly  fit  into 
the  concave  part  of  the  other.  Thus,  it  is  plain  that  the  space  inclosed  within  the  curve  a  b  e  is 
exactly  one-half  the  parallelogram  ah  c  d,^  and  the  curve  divides  the  parallelogram  as  equally  a» 
a  diagonal  would  drawn  from  h  to  c.  The  co-efficient  of  fineness  for  a  curve  of  versed  8uie» 
is  therefore  *5. 
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Ifc  mnst^  however,  be  nnderstood  it  is  not  contended  that  actual  water  which 
comes  in  contact  with  the  ship  is  thrust  ahead,  but  that  it  communicates  con- 
tinuous pressure  on  the  infinite  surrounding  particles,  and  the  result  is  the 
formation  and  sustenance  of  the  wave  as  described.  If  the  bow  is  full  or 
convex,  this  wave  will  accumulate  to  great  height  immediately  in  front  of  the 
vessel;  but  if  the  bow  be  fine  and  well  formed,  it  will  spread  over  a  great 
snrface,  and  be  scarcely  discernable  at  speeds  about  equal  to  the  square 
root  of  the  length  of  the  vessel. 

It  must  not  be  supposed  that  either  the  actual  character  of  the  wave 
described  by  Mr.  Scott  Russell,  or  its  creation,  was  generally  accepted  as 
correct.  So  far  as  the  creation  of  the  wave  goes,  it  has  been  pointed  out 
that  if,  as  Mr.  Scott  Russell  says,  it  is  an  absolute  necessity  or  condition 
of  a  vessel's  progress  that  a  wave  should  be  driven  up  on  the  surrounding 
surface  as  described,  then  it  would  be  impossible  to  move  a  vessel  at  all 
if  she  were  deeply  submerged,  or  if  she  were  placed  in  a  tank  full  of 
water  with  a  closed  top.  In  this  dilemma  we  fall  back  upon  the  ^^  stream 
line  theory ''  for  a  solution  of  the  problem  of  wave  creation.  With  regard 
to  any  particular  form  of  water-line  influencing  the  form  of  waves, 
the  late  Professor  Rankine  pointed  out  that  the  course  taken  by  particles 
of  water  in  gliding  over  the  bottom  of  a  vessel  are  neither  over  the 
horizontal  water-hnes,  nor  vertical  bow  and  buttock  lines,  but  are  inter- 
mediate in  position  between  these  lines,  and,  in  well-shaped  vessels,. 
approximate  to  the  lines''^  of  shortest  distance,  such  as  are  followed  by 
an  originally  straight  strake  of  plank  when  bent  to  fit  the  shape  of  a 
vessel.  Thus  what  is  known  as  a  diagonal  or  ribband  line  would  more 
nearly  approach  the  direction  from  which  thrust  is  imparted  to  the 
water  than  horizontal  water-lines. 

We  will  next  briefly  glance  at  Mr.  Scott  RusselFs  theory  as  to  the  run 
of  the  vessel.  The  old  theory  was  that  some^kind  of  suction  existed,  which 
tended  to  draw  the  vessel  buck ;  but  this  notion  has  long  been  exploded  by 
the  ascertained  fact  that  the  replacing  water  exerts  a  forward  pressure  on 
the  huU^  and  it  is  of  the  utmost  importance  that  the  after  body  should  be 
so  formed  as  to  admit  of  a  maximum  of  this  pressure.  From  the  experi- 
ments made  by  Mr.  Scott  Russell,  he  concluded  that  the  water,  in  refilling 
the  cavity  caused  by  the  advance  of  the  vessel,  tended  to  form  itself  into 
an  ordinary  ocean  oscillating  wave  of  the  cycloid  or  trochoid  class,  which 
alters  in  form  according  as  the  height  of  the  wave  bears  a  greater  or 
less  ratio  to  its  length. 

*  These  lines  were  termed  "dividing  linen"  by  Lord  Bobert  Montana  in  his  treatise  on 
"  NetbI  Architecture/'  published  in  1852.  He  strongly  urged  the  importanoe  of  desigmug  ships- 
liy  **  dividing  lines  '*  insteiid  of  by  the  then  usual  method  of  employing  water  lines  only. 
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In  speaking  of  the  formation  of  this  wave  of  replacement,  Mr.  Scott 
Russell  said,  "  not  only  is  there  a  current  from  before  and  another  from 
behind,  but  a  rapid  current  comes  into  the  hollow  from  below  and  the  sides; 
they  altogether  make  the  following  wave,  the  refilling  wave,  or  replacing 
wave.  I  found  also  that  it  depends  upon  circumstances  whether  the 
particles  move  in  a  vertical  or  horizontal  direction.  In  a  channel  of  very 
small  depth  the  particles  are  obliged  to  move  horizontally  into  the  hollow. 
In  deep  water  the  greatest  mass  of  water  nearest  to  the  place  to  which  it 
has  to  come  is  below  the  vessel.  With  a  vessel  in  very  deep  water,  then, 
the  after  lines  must  be  vertical."  That  is,  the  cycloidal  form  must  be 
shown  in  the  buttock  lines  rather  than  in  the  water  lines.  This  would  give 
sharp  \^-shaped  vertical  sections  such  as  yachts  have  ;  and  Mr.  R.  B.  Froode 
says*  that  the  results  of  the  numerous  experiments  conducted  at  Torquay 
show  that  such  sections  are  better  than  any  other  for  the  after  body. 

The  trochoidal  wave,  as  already  observed,  for  its  configaration  is  always 
dependent  upon  its  relative  length  and  height,t  and  travels  with  the  speed 
of  the  ship  it  follows ;  whereas,  the  "  wave  of  translation ''  is  always  of  the 
same  form,  no  matter  what  its  height  or  length,  and  travels  with  a  speed 
due  to  its  own  length  and  depth  of  water,  as  shown  in  the  table,  page  121. 

We  next  come  to  consider  Mr.  Scott  Russell's  important  discovery 
that  a  vessel,  to  avoid  undue  resistance  from  wave  making  must  have  a 
length  of  bow  equal  in  length  to  the  length  of  the  wave,  which  travels  at  a 
speed  equal  to  the  speed  proposed  for  the  ship ;  and  the  length  of  the  stem 
must  be  equal  to  two-thirds  that  of  the  bow,  or  of  half  length  of  a  cycloidal 

•  Vide  "  Transactions  of  Institution  of  Naval  Architects/*  1881  (see  farther  on). 

t  A  trochoid  is  thus  formed.  A  semicircle  is  divided  hy  aid  of  a  protractor  into  any 
number  of  equal  parts  as  shown  by  the  lines  1, 2, 3, 4  (Fig.  69).  The  base  line  0, 5  is  also  equally 
divided  into  the  same  number  of  parts,  and  the  lines  1,  2,  3,  4,  corresponding  with  the  angular 
divisioDS  of  the  semicircle,  are  projected  at  each  division.     Horisontal  lines  paraUel  to  the  1 


Fig.  69. 


line  are  then  drawn  from  1  to  A,  from  2  to  B,  from  3  to  C,  and  so  on.  Where  the  lines 
intersect  at  A,  B,  C,  D,  are  points  in  the  curve.  The  usual  plan,  instead  of  drawing  the  horixontal 
lines,  is  to  take  the  heights  (perpendicular  to  the  base  line)  from  the  intersections  with  the  drcle 
and  transfer  them  to  A,  B,  C,  &c. 
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wave  which  travels  at  the  proposed  speed,  waves  formed  in  deep  water 
being  now  alone  considered  *  The  ratio  of  fore  body  to  after  body^ 
therefore,  becomes  0*562  :  0'375  ;  and,  as  the  lengths  of  waves  vary  as  the 
squares  of  their  velocities,  the  requisite  lengths  of  water-line  for  any  given 
speed,  V,  proposed  for  a  vessel  will  be  found  from 

(F)  Forebody  =   562  x  V^. 

(A)  Afterbody  =  '375  x  V^. 

The  whole  length  of  water-line  for  the  given  speed  will  therefore, 
according  to  this  theory,  be  F  +  A  x  V«  =  562  +  -375  x  V^  =  -937  x  Y\ 
or  say  the  speed  to  be  attained  without  undue  resistance  from  wave  making, 
is  to  be  eight  knots :  the  square  of  8  is  64,  and  64  x  '937  =  60ft.,  the  required 
length  of  water-line.  Thus  the  speed  will  be  approximately  y/F  +  A  before 
wave  making  tends  to  increase  the  growth  of  the  resistance  beyond  the  square 
of  the  speed  in  well-formed  vessels.  In  other  words,  the  speed  attainable 
without  undue  wave  making  is  nearly  as  the  square  root  of  the  length ;  or 
the  resistance  until  wave  making  becomes  a  pronounced  feature  is  as  the 
square  of  the  speed.  Of  course  it  must  be  understood  that  this  is  not  the 
limit  of  speed  at  which  a  boat  60ft.  long  can  be  driven ;  it  simply  indicates 
the  speed  which  can  be  reached  before  the  resistance  due  to  wave  making 
tends  to  make  the  general  total  resistance  grow  faster  than  the  square  of 
the  speed.  In  practice,  looking  at  the  variety  of  conditions  which  have  to 
be  fulfilled,  it  has  been  observed  that  the  speed  a  yacht  can  bo  driven 

*  The  TelatiTe  differenoe  in  the  form  and  energy  of  waves  created  in  deep  or  shallow  water 
is  here  referred  to,  and  not  the  general  character  of  resistanoe  due  to  depth  of  immersion.  It  is 
often  supposed  that  a  body  moving  in  water  meets  resistance  in  proportion  to  the  depth  of  its 
immersion.  Mr.  Fronde,  however,  in  his  report  on  resistance,  clearly  shows  that  relative  depth 
of  immersion  has  little  to  do  with  the  resistance  of  bodies  moving  as  near  the  surface  as  the 
deeper  part  of  a  ship  does.  As  a  body  is  immersed  more  and  more  deeply  below  the  surface  water 
of  greater  density  is  displaced,  and  the  frictional  resistance  varies  as  the  density  of  the  water  ; 
bat,  as  a  matter  of  practical  usefulness,  the  increase  of  density  for  any  depth  likely  to  be  reached 
by  the  immersed  portion  of  a  vessel  is  so  small  that  it  is  safely  neglected  in  aU  calculations  of 
■hip  resistance.  An  opinion  is  also  sometimes  entertained  that  water  is  more  difficult  to  displace 
or  push  on  one  side  as  the  depth  increases  ;  this,  however,  is  not  the  case.  In  reference  to  this 
snbject.  Sir  W.  H.  White,  in  his  work  on  ** Naval  Architecture,"  says:  "If  a  plane  were 
immersed  very  deeply,  it  would  create  little  or  no  surface  disturbance,  and  therefore  require  less 
force  to  propel  it  at  a  certain  speed,  than  would  a  plane  of  equal  immersed  area  moving  at  the- 
surface  with  a  portion  situated  above  that  surface.  This  statement  is  directly  opposed  to  the 
opinion  frequently  entertained,  which  confuses  the  greater  hydrostatical  pressure  on  the  plane, 
dne  to  its  deeper  immersion,  with  the  dynamical  conditions  incidental  to  motion.  If  the  deeply 
immersed  plane  were  at  rest  at  any  depth,  the  pressures  on  its  front  and  back  surfaces  would 
dearly  balance  one  another.  When/  it  is  moved  ahead  at  a  uniform  speed  it  has  at  each 
instsnt  to  impart  a  certain  amount  of  motion  to  the  water  disturbed  by  its  passage ;  but  the- 
momentum  thus  produced  is  not  influenced  by  the  hydrostatical  pressures  on  the  plane, 
corresponding  to  its  depth  of  immersion.  Water  is  practically  incompressible.  Apart  from 
nzfaoe  distuibance,  the  quantity  of  water,  and  therefore  the  weight,  set  in  motion  by 
tliD  plane  will  be  nearly  constant  for  all  depths,  at  any  assigned  speed.  In  other  words,  if 
thftre  were  no  surface  disturbance,  the  resistance  at  any  speed  would  be  independent  of  the* 
depth.'* 
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rarely  exceeds,  in  knots  per  hour,  the  square  roots  of  their  length  multi- 
plied by  1*25,  or  -v/L  x  1.25  =  speed. 

No  doabt  there  are  several  well*authenticated  cases  where  a  sailing 
yacht  has  been  driven  for  a  brief  spell  at  a  greater  speed  than  the  observed 
speed  just  quoted ;  and  it  is  claimed  for  the  Sappho,  American  yacht,  that 
she,  for  a  brief  time,  made  a  speed  of  16  knots  an  hour  during  a  ran  of 
315  miles*  in  twenty-four  hours  in  crossing  the  Atlantic  in  1869,  the 
average  hourly  run  being  13-1  knots.  The  Sappho  is  121ft.  on  the  water 
line,  and  the  speed  of  16  knots  would  therefore  equal  ^121  x  1.455.  It 
should  be  noted  that  -x/  121  x  1*25  would  give  13'75  knots. 

The  greatest  speeds  of  sailing  yachts  observed  by  the  author  for  a 
sufficient  duration  of  time  to  be  trustworthy,  were  as  follows  : 


LMigtbof 
L.W.L. 

ActoAl  obaerTed 
Spaed. 

^n?!!*' 

Speed  for '^Length. 

AetoAl  obserred 
Speed. 

Spaed  for  ^Length. 

IT. 

KNOTS. 

KNOTS. 

FT. 

KNOTS. 

KNOTS. 

250 

500 

6-5 

68-3 

7-96 

100 

300 

5-48 

70 

810 

900 

11-3 

360 

600 

7-5 

1000 

1000 

130 

410 

6-40 

80 

121-0 

1100 

18-6 

500 

707 

8-8 

1360 

11-66 

150 

As  already  hinted  a  sailing  yacht  has  to  fulfil  so  many  conditions, 
and  the  means  of  driving  her  are  so  limited,  that  the  "  actual  observed 
speed ''  given  above  does  not  represent  the  maximum  speed  a  similar  yacht 
could  be  driven  at  if  she  had  powerful  engines  in  her,  any  more  than 
\/Jj  X  r25  represents  the  limit  of  speed  a  yacht  can  be  driven  at  under 
«ail.  Steam  launches  we  know  can  be  driven  at  speeds  double  that  which 
may  be  suitable,  from  an  economical  point  of  view,  to  their  lengths,  by 
putting  the  necessary  power  into  them ;  and  a  man  may  propel  a  wager- 
boat  far  beyond  the  speed  at  which  she  first  begins  to  sensibly  form 
waves. 

The  case  of  the  fast  steam  launches  also  shows  that  Mr.  Scott  Russell's 
theory  as  to  the  relative  length  of  fore  and  after  body  does  not  hold  good 
when  high  speeds  have  to  be  made ;  that  is  to  say,  speeds  far  in  excess 
of  the  speeds  appropriate  to  the  total  length.  At  such  speeds  it  is  found 
more  advantageous  to  have  the  run  at  least  as  long  as  the  bow,  or  longer 
by  virtue  of  a  raking  midship  section,  for  two  principal  reasons.  Firstly, 
the  bow  wave-making  resistance  appears  to  increase  in  a  uniform  ratio 
(see  farther  on),  but  not  so  the  other  wave-making,  which  at  high  speeds 
assumes  very  formidable  proportions  in  its  growth.     It  has,  in  consequence, 

*  Milea  and  knots  are  used  thronghoat  this  work  as  oonyertible  terms. 
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"been  fonnd  advantageons^  so  far  as  torpedo  boats  are  concerned,  to  have 
the  stem  somewhat  longer  than  the  theory  prescribes,  and  consequently 
finer.  These  facts  will  in  a  way  explain  the  cause  of  early  experimentalists 
who  towed  small  models  at  great  speeds,  arriving  at  the  conclusion  that 
the  "  cod's  head  and  mackerel's  tail  ^'  form  is  the  '^  form  of  least  resist- 
ance/' A  long  run  is  also  of  great  advantage  for  developing  the  efficiency 
of  the  propeller. 

In  the  table  which  here  follows,  the  total  lengths  of  water-line 
(made  up  by  bow  and  stem)  for  various  speeds  are  given;  and  it 
must  be  distinctly  understood  that  these  are  only  intended  to  show 
the  probable  speed  a  well-formed  vessel  can  be  driven  before  the 
resistance  due  to  wave-making  begins  to  increase  much  faster  than 
the  square  of  the  speed. 


Knots. 

Length 

Length 

Total  Length  of 

of  Forabody. 

of  Afterbody. 

WAterline. 

FT. 

FT. 

FT. 

1 

0-54 

0-39 

0-93 

2 

218 

1-56 

3-74 

3 

4-91 

3-50 

8-41 

4 

8.73 

6*24 

14-97 

5 

13-65 

9-75 

23-40 

6 

19-55 

1404 

33-59 

7 

26-75 

20-11 

46-85 

8 

85-94 

24-96 

69-90 

9 

44-22 

31-59 

75-81 

10 

54-60 

39-00 

93-60 

11 

66-06 

47-19 

113-25 

12 

78-62 

5616 

134-88 

13 

92-27 

65-91 

158-18 

14 

107-00 

76-44 

183-44 

15 

122-80 

87-75 

210-55 

16 

139-70 

99-84 

239-54 

17 

157-80 

112-70 

270-50 

18 

176-80 

126-30 

30310 

19 

19710 

141-80 

338-90 

20 

218-40 

15600 

374-40 

The  Stream  Line  Theory  op  Wave-making. 

It  has  already  been  pointed  out  that  Mr.  Scott  BusselPs  theory  as  to 
'  the  creation  of  waves  by  vessels  moving  in  water  is  not  accepted  as  the 
true  one;  but  there  is  a  general  agreement  that  the  stream  line  theory 
as  elaborated  by  the  late  Professor  Rankine  is  a  correct  solution  of  the 
primary  cause  of  wave-making.  The  late  Mr.  William  Froude,  in 
elucidating  this  theory,  first  dealt  with  a  perfectly  submerged  body 
placed  at  some  distance  below  the  surface  of  a  '^  perfect  fluid '^  moving 
towards  the  body. 
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In  Fig.  70  let  A  be  the  parallel  streams  of  this  perfect  fluid  flowing- 
towards  the  vessel  B ;  then  as  the  bow  is  approached  a  pressure  is  met  and 
the  breadth  of  these  streams  is  increased,  their  direction  altered  in  a 
variety  of  ways,  as  at  C  C,  and  the  velocity  of  the  streams  is  checked ;  as 
the  sides  of  the  vessel  are  reached  the  pressure  diminishes  and  the 
breadths  of  the  streams  begin  to  narrow  again  as  at  D  D,  and  their 
velocity  is  increased ;  at  E  the  streams  expand  again,  and  once  more  lose 
velocity;  and,   finally,  resume  their  normal  condition  and  velocity  some 


distance  astern,  as  at  P.  By  a  series  of  convincing  experiments 
Mr.  Froude  showed  that  all  these  pressures  would  exactly  balance  each 
other,  and  the  fluid  exerting  them  would  not  in  consequence  carry  th(» 
submerged  body  along  with  it  one  way  or  the  other;  and  by  the  same 
reasoning,  if  the  body  were  moving  instead  of  the  fluid  it  would  meet 
with  no  effective  resistance,  either  from  friction  or  pressure  on  the  fore 
part,  or  any  other  part.* 

It  must  be  understood  that  this  statement  refers  to  a  *'  perfect  fluid  '^ 
only,  and  a  body  moving  beneath  the  surface  of  sea  water  is  affected  by 


FiQ.  71. 

other  conditions.  Sea  water,  owing  to  its  viscosity,  exercises  considerable 
frictional  resistance  to  a  body  moving  in  it,  as  already  explained;  but 
beyond  that  resistance,  a  body  submerged  some  distance  below  the 
surface,  as  a  fish  for  instance,  experiences  no  other  resistance;  in  fact, 
any  form,  such  as  a  cylinder  with  conic  ends  might  be  moved  beneath 
the  surface  without  making  any  apparent  commotion,  and  the  water 
would  appear  to  be  entirely  undisturbed  (see  foot  note,  page  125). 

The  case,  however,  is  entirely  different  when  bodies  partly  submerged 
move  along  at  the  surface  of  the  water.     The  same  phenomena  take  place- 

*  See  "  Proceedinga  of  the  British  AssooiatioD,"  Aug.  31,  1875. 
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with  regard  to  the  streams  as  when  the  body  was  submerged  ;  but  the 
immediate  consequence  of  the  retardation  and  acceleration  of  velocity 
which  the  streams  undergo  at  the  bow,  middle,  and  stern  are,  that  wave 
crests  are  formed  at  the  points  C  C  and  E  E,  and  wave  troughs  at  D  D 
(Figs.  70  and  71). 

Thus,  according  to  the  stream  line  theory,  the  various  pressures  ought 
to  equalise  each  other ;  and  if  force  is  expended  in  driving  up  a  bow  wave 
it  ought  to  be  restored  by  the  pressure  the  water  exerts  in  closing  in 
around  the  stem.  This  condition  is  analogous  to  a  statement  that  the 
cavity  left  in  the  water  at  the  stern,  as  the  vessel  advances,  ought  to 
absorb  the  water  pushed  out  of  the  way  by  the  bow.  This,  no  doubt, 
is  a  partly  true  state  of  the  case,  but  no  such  reciprocal  action  can  take 
place,  as  much  of  the  bow  wave  will  be  spread  out  on  the  surface  beyond 
the  reach  of  the  replacing  water.  Yet  that  the  energy  absorbed  in  creating 
a  bow  wave  can  be  partly  restored  by  waves  made  near  the  stem  is 
well  established,  and  the  form  of  the  hull,  especially  at  the  stem,  plays  an 
important  part  in  this  relation.  It  will  be  seen  upon  reference  to  Figs.  70 
and  71  that  the  outlines  of  two  waves  are  given  (but  not  drawn  to 
scale  nor  exact  in  portrait).  C  is  the  bow  or  divergent  wave,  and  D 
the  trough  of  a  transverse  wave  with  its  crest  under  the  quarter.  A 
third  or  stern  wave  can  be  taken  as  partly  diverging  and  partly 
transverse  at  about  E. 

The  character  and  influence  of  these  waves  on  resistance  were  thus 
described  by  the  late  Mr.  W.  Proude :  ''  The  inevitably  widening  form 
of  the  ship  at  her  entrance  throws  off  on  each  side  a  local,  oblique 
wave  of  greater  or  less  size  according  to  the  speed  and  obtuseness  of  the 
wedge,  and  these  waves  form  themselves  into  a  series  of  diverging  crests 
(A  A  A,  Pig.  72),  such  as  we  are  all  familiar  with.  These  waves  have 
peculiar  properties.  They  retain  their  identical  size  for  a  very  great 
distance  with  but  little  reduction  in  magnitude.  But  the  main  point 
is  that  they  become  at  once  disassociated  from  the  vessel,  and  after 
becoming  fully  formed  at  the  bow,  they  pass  clear  away  into  the  distant 
water  and  produce  no  further  effect  on  the  vessel's  resistance.  But 
besides  these  diverging  waves,  there  is  produced  by  the  motion  of  the 
vessel  another  notable  series  of  waves  which  carry  their  crests  transversely 
to  her  line  of  motion.  These  transverse  waves,  when  carefully  observed, 
prove  to  have  the  figure  shown  in  detail  (B  B  B  in  the  diagram).  In 
that  diagram  there  is  shown  the  figure  of  a  model  which  has  a  long 
parallel  middle  body,  accompanied  by  a  series  of  these  transverse  waves 
as  they  appear  at  some  one  particular  speed  with  the  profile  of  the  series 
defined  against  the  side  of  the  model.      It  is  seen  that  the  wave  B  is 

E 
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largest  when  the  crest  first  appears  at  the  bow,  and  it  reappears 
again  and  again  as  we  proceed  sternwards  along  the  straight  side  of 
the  model,  but  with  successively  reduced  dimensions  at  each  reappear- 
ance. That  reduction  arises  thus  :  In  proportion  as  each  individual  wave 
has  been  longer  in  existence,  its  outer  end  has  spread  itself  further  into 
the  undisturbed  water  on  either  side,  and  as  the  total  energies  of  the 
wave  remains  the  same,  the  local  energy  is  less  and  less,  and  the  wave  crest 
as  viewed  against  the  side  of  the  ship  is  constantly  diminishing.  We  see 
the  wave  crest  is  almost  at  right  angles  to  the  ship,  but  the  outer  end  is 
slightly  deflected  stem  ward  from  the  circumstance  that  when  the  wave  is 


entering  into  undisturbed  water  its  progress  is  a  little  retarded,  and  it  has 
to  deflect  itself  into  an  oblique  position,  so  that  its  oblique  progress  shall 
enable  it  exactly  to  keep  pace  with  the  ship.  The  whole  wave-making 
resistance  is  the  resistance  extended  in  generating — first,  the  diverging  bow 
waves,  which,  as  we  have  seen,  cease  to  act  on  the  ship  when  once  they  have 
rolled  clear  of  the  bow ;  secondly,  those  transverse  waves,  the  crests  of 
which  remain  in  contact  with  the  ship's  side ;  and  thirdly,  the  terminal 
wave,  which  appears  independently  at  the  stem  of  the  ship.  The  latter  wave 
arises  from  causes  similar  to  those  which  create  the  bow  wave,  namely, 
the  pressure  of  the  streams,  which,  forced  into  divergence  there,  here  con- 
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yerge  under  the  quarters^  and  re-establish  an  excess  of  pressure  at  their 
meeting/' 

It  must  not  be  supposed  that  a  number  of  these  transverse  waves  (B) 
will  be  fonnd  along  the  sides  of  vessels  formed  like  sailing  yachts,  which 
have,  as  compared  with  steam  ships,  short  and  curved  middle  bodies ;  but 
one  or  more  will  exist,  and  be  very  pronounced  at  high  speeds.  They  can, 
however,  be^  seen  distinctly  enough  along  the  sides  of  steam  yachts  which 
have  a  great  length  of  straight  middle  body,  or  "  parallel  middle  body,''  as 
Mr.  Froude^termed  it.  This  feature  will  also  be  observable  in  sailing  yachts 
which'have  this  middle  straight  of  breadth,  but  is  more  particularly  apparent 
in  the  case  of  Jong'steam  yachts  at  speeds  of  11  knots  and  upwards.     The 
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large  transverse  wave  made  by  sailing  yachts  is  generally  most  pro- 
nounced on  the  weather  side  if  the  yacht  be  of  deep  form  and  much 
inclined,  although  the  case  would  be  different  with  a  shallow  yacht. 
The  explanation  of  this  apparently  strange  feature  is  simple  enough  ;  the 
transverse  waves,  being  long  (relatively  to  the  length  of  vessel  and  length 
of  the  diverging  waves),  have  a  natural  tendency  to  be  deep  also,  and 
therefore  depth  of  action  is  congenial  to  their  formation.  If  then,  a 
vessel  be  heeled  as  shown  by  Pig.  73,  the  deep  part  of  the  displacement, 
D,  will  be  plumb  under  the  free  surface  of  the  water  on  the  weather  side 
(see  the  arrow  A),  and  far  from  the  free  surface  on  the  lee  side  (see  the 
arrow  B),  thus  causing  the  deeper  transverse  wave  to  appear  on  the 
weather  side.     At  first  sight  it  would  seem  that  putting  the  deep  bilge  far 
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under  the  water  on  the  lee  side  would  have  the  effect  of  making  a  larger 
wave,  but  it  will  be  seen  that  the  bulk  of  the  deep  displacement  becomes 
transferred  to  the  weather  side  of  the  middle  line  (see  the  arrow  E)  of  the 
plane  of  flotation.  Of  course,  if  the  yacht  retains  an  upright  position,  the 
transverse  wave  formed  and  along  under  the  bilge  will  be  the  same  on 
either  side. 

This  is  an  important  matter  which  will  be  again  dealt  with,  but  to 
assist  in  its  elucidation  it  will  be  here  necessary  to  introduce 


The  Wave  Form  of  Body  Theory. 

In  contradistinction  to  the  theory  that  lines  of  any  shape  materially 
influence  the  resistance  a  vessel  meets  with  in  water,  a  variety  of  arguments 
have  been  from  time  to  time  put  forward  to  prove  that  "  lines  "  have  little 
or  nothing  to  do  with  the  matter,  providing  the  displacement  is  disposed  of 
longitudinally  in  a  certain  rate  of  progression.      Forms  of  all  kinds  of  fish 
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have  been  analysed  with  a  view  of  proving  that  the  longitudinal  disposition 
of  a  vessel's  displacement  should  be  similar  to  the  disposition  of  the  bulk 
or  body  of  some  swift  fish,  and  the  experiments  made  with  submerged 
models  seemingly  indicated  this  view  of  the  case  to  be  correct.  But  it  is 
now  known  by  the  light  of  the  "  stream  line  "  theory  that  the  resistances 
met  with  by  submerged  bodies  and  those  floating  at  or  near  the  surface  are 
so  different  in  cause  and  effect,  that  it  is  easy  to  understand  the  deceptive 
nature  of  former  experiments  carried  on  under  water. 

However,  there  is  not  much  doubt  that  the  ratio  of  the  growth  of  the 
displacement  in  the  fore  body,  and  similariy  the  decrease  in  the  after  body, 
does  influence  resistance,  and  Professor  W.  Fronde  in  all  his  experiments 
with  models  carefully  recorded  their  "curves  of  displacement,^'  or,  in  other 
words,  curves  showing  the  ratio  of  increase  of  area  in  the  vertical  sections, 
commencing  with  the  stem  or  stempost,  and  terminating  with  the  greatest 
transverse  section,  commonly  termed  the  ^'midship  section.''  In  Fig-  74- 
A — B  represents  the  length  of  load  water-line  of  a  yacht,  and  the 
ordinates  at  the  stations  79,  74,  69,  &c.,  represent  on  a  convenient  scali^ 
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the  area  of  each  vertical  transverse  section  at  the  stations.     The  curve  is 
swept  in  through  the  ends  of  the  ordinates. 

This  wave  form  theory  has  received  a  great  deal  of  attention 
since  it  was  elaborately  put  forward  by  Mr.  Colin  Archer,  of  Laurvig, 
Norway,  in  1877.  Mr.  Archer  appears  to  have  adopted  Mr.  Scott 
Russell's  theory,  that  a  wave  formed  bow  will  produce  its  counterpart 
on  the  water,  but  contended  that  it  is  not  wave  lines  which  are 
required  to  do  this,  but  a  wave  form  in  the  longitudinal  disposition 
of  the  displacement.  Mr.  Archer  thus  summed  up  his  theory :  ''  It 
is  stated  that  the  water  which  is  excavated  by  a  ship  when  she 
is  moved  through  the  fluid  is  carried  away  to  a  distance  (not  the 
identical  pa>rticles  of  water  in  her  track,  but  a  corresponding  mass),  by  a 
soKtary  carrier-wave,  or  wave  of  translation :  and  that  the  cavity  formed 
by  her  largest  section  is  filled  up  by  a  wave  of  the  second  order,  or  a 
common  oscillating  wave  of  the  sea ;  therefore  the  entrance  or  fore  body 
should  correspond  in  length  and  form  to  the  length  and  form  of  the  carrier 
wave,  travelling  at  the  speed  of  the  ship,  and  the  run,  or  after  body  to  the 
length  and  shape  of  the  front  of  an  oscillating  wave.  If  so  formed  the 
ship  will  meet  with  a  minimum  of  resistance  in  her  progress." 

To  illustrate  his  theory,  Mr.  Archer  took  a  rectangular  block,  and 
made  all  the  water-lines  (from  the  water  surface  to  the  underside  of  the 
model)  correspond  with  the  load  water-Une,  which  was  a  wave  line.  Each 
<jross  section  was,  of  course,  rectangular,  of  the  same  depths,  but  of  different 
breadths.  This  model,  as  will  be  seen,  not  only  had  wave  lines  in  her 
bow,  but  necessarily  had  a  "wave  form"  of  displacement  for  the  bow  (see  A, 
Plate  I.),  which  illustrates  equally  the  curve  of  the  water-lines  and  the 
cnire  of  displacement.  Mr.  Archer  next  decreased  the  depths  of  all  the 
flections,  but  kept  their  respective  areas  exactly  the  same.  The  result 
is  shown  in  rectangular  sections  by  B,  and  in  semicircular  sections  by  0 
(Plate  I.),  where  the  keel  outline  ia  curved  to  accord  with  the  diminished 
depths,  ajid  the  water  lines  become  convex  instead  of  waved.  This  model, 
Mr.  Archer  contends,  has  all  the  essential  features  of  the  wave  entrance 
although  there  is  not  a  wave  line  in  it. 

In  narrow  vessels  the  rounding  up  of  the  fore  foot  is  almost  a  matter  of 
necessity,  as  otherwise  a  heavy  and  injurious,  not  to  say  useless,  quantity  of 
dead  wood  would  have  to  be  carried  in  order  to  carry  out  the  form;  and  even 
in  broad  vessels  it  is  found  advantageous  to  lighten  the  fore  end  as  much 
as  possible  by  cutting  away  the  fore  foot,  or  gripe,  as  it  was  formerly  termed. 
It  should  also  be  remarked,  in  reference  to  the  convex  water-lines^ 
that  they  existed  in  many  narrow  vessels  by  the  best  designers, 
and  also  in  all  the  broader  vessels  of  the  most  recent  type,  which  have 
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small  depth  of  section  in  the  fore  body.  For  the  entrance  "  round  lines 
seem  an  advantage  from  a  f notional  point  of  view,  although  their  effect,  of 
course,  is  to  increase  the  angle  of  entrance.  It  does  not  follow  that  because 
hollow  lines  are  of  no  advantage  at  and  near  the  load  water-line  in  an 
entrance  which  has  very  little  depth  of  vertical  section  in  the  fore  end 
of  the  bow,  that  there  might  not  be  some  advantage  to  be  derived  from 
them  in  a  vessel  whose  entrance  is  deeper. 

Bound  or  convex  water  lines  are  by  no  means  new  features  in  vessels ;. 
in  fact,  they  are  to  be  found  in  the  oldest  models  of  which  we  have  any 
record,  just  as  hollow  lines  are ;  but  it  is  essential  to  remember  that  where- 
there  is  a  great  depth  of  vertical  section  a  sort  of  ^3  shaped  bow 
will  be  the  result  if  convex  lines  are  adopted  in  the  bow,  which  will  push  a 
huge  wall  of  water  in  front  of  it,  and  much  increase  the  head  resistance. 
(See  ''  Resistance  ^'  further  on.)  The  convex  bows  of  the  modem  shallow- 
bodied  yachts  also  push  off  a  considerable  wave  from  each  side  of  the  bow,, 
but  the  resistance  due  to  these  waves  is  not  so  great  as  that  due  to  the 
transverse  waves  created  amidships  in  deep-hulled  vessels  with  compara- 
tively sharp  or  hollow  wave-line  entrances.  The  transverse  wave  making>^ 
it  need  scarcely  be  said  is  much  less  in  shallow-hulled  yachts,  which  with 
convex  bow  lines  turn  off  large  bow  waves ;  but  it  would  be  a  diflBcult 
matter  to  measure  the  resistance  due  to  each,  although  the  total  resistance- 
could  be  easily  measured  by  experiment. 

Mr  Archer  thus  propounded  his  theory  as  to  water  lines : 
'^  An  advocate  of  wave  water  lines  might  object  that,  since  the  area& 
of  the  vertical  sections  are  determined  by  the  form  of  the  water  lines — 
these  lines  determining  the  lengths  of  the  ordinates  by  which  the  vertical 
areas  are  computed — and  since  a  certain  progression  of  these  areas  is^ 
essential,  therefore  a  certain  curve  for  the  water  lines  is  equally  essential. 
In  this  case  the  required  progression  of  area  has  no  doubt  been  brought- 
about  by  using  water-lines  of  a  certain  geometrical  curve ;  but  the  same- 
result  miay  be  brought  about  in  a  great  variety  of  ways.  It  is  important  to 
remember  that  the  shape  of  the  vertical  sections  is,  within  reasonable  bounds, 
immaterial  as  far  as  the  wave  theory  is  concerned.  The  same  liberty,, 
claimed  in  this  respect  for  the  midship  section,  applies  with  equal  justice 
to  any  other  section.  That  which  is  the  material  point  is,  tbat  each  cross 
section  shall  have  the  exact  area  which  its  station  in  the  ship  assigns  to  it, 
since,  if  this  is  the  case,  the  water  will  be  displaced  precisely  in  the 
required  progression.  We  are,  therefore,  at  liberty  to  alter  the  shape  of  tbe- 
sections  of  our  fore-body  at  pleasure.  (It  is  always  understood  that  due 
care  is  taken  to  ensure  a  ^  fair '  body,  and  to  avoid  abrupt  curves.)  W^e 
may^  for  instance,  round  up  the  under  part  of    our  block-model — ^that. 
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part  which  in  a  vessel  is  called  the  'forefoot' — as  shown  in  B,  always 
provided  the  same  area  which  is  taken  away  from  the  lower  part  of  ea6h 
section  is  added  to  it  at  another  part,  namely,  at  the  side.  The  water-lines 
would  then  take  the  shapes  shown  in  the  half  breadth  plan  C ;  and  wo 
see  they  have  now  lost  all  resemblance  to  a  wave-line.  And  yet  we  havo 
not  in  the  slightest  degree  deprived  our  entrance  of  its  wave  character. 

''The  model  C  has  the  same  length,  the  same  area  of  midship 
section,  as  well  as  every  other  vertical  cross  section,  and  consequently  the 
same  volume  of  displacement  as  A  or  B.  But  instead  of  beginning  with 
water-lines,  or  something  representing  them,  it  is  constructed  entirely  by 
vertical  sections,  altogether  disregarding  what  shape  the  water-lines  may 
chance  to  take.  Instead  of  rectangular  sections  we  adopt  semi-circular 
ones.  Knowing  what  the  areas  of  the  sections  at  the  various  stations 
are,  either  by  calculation  or  by  measurement  from  the  first  block,  we  have 
for  the  length  of  radius  for  any  section,  radius  =  a/Aj^!??. 

"  Having  drawn  the  various  sections  in  the  body  plan  by  simply  striking 
off  the  half  circles  (or  the  quarter  circles  for  one  side),  we  may  then  proceed 
to  fill  in  the  water-lines ;  and  we  find  that,  so  far  from  any  one  of  them  being 


Fig.  75. 

a  curve  of  versed  sines,  there  is  not  a  hollow  to  be  found  at  any  part  of 
them.  And  yet  we  hold  that  it  is  a  '  pure  wave  ^  entrance.  It  evidently 
displaces  the  water  in  such  a  progression  as  exactly  to  give  off  the  necessary 
quantity  for  supplying  the  swell  of  the  wave;  in  the  same  progression,  in  fact, 
as  the  first  block  model,  and  as  Scott  Russell's  '  wave  water-line '  model." 

The  late  Mr.  W.  Froude  in  1876-1877  was  engaged  in  making  some 
experiments  for  the  Admiralty,  and  an  analysis  of  the  results  given  in  his 
report  throws  some  light  on  the  influence  form  of  body,  or  the  disposition  of 
displacement,  has  on  resistance.  Of  the  many  forms  tried  one  was  that  of 
a  gunboat  of  the  ordinary  dockyard  type,  the  bow  of  which  is  shown  by  A, 
Fig.  75. 

The  speed  required  was  nine  to  ten  knots,  and  for  various  reasons  it  was 
desirable  to  obtain  this  speed  as  economically  as  possible.    It  would  take  up 
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too  mucli  space  to  analyse  all  the  various  forms  Mr.  Proude  experimented 
with,  but  the  main  results  were  distinctly  exemplified  by  four  of  the  models. 
Upon  reference  to  Fig.  76  it  will  be  seen  at  first  sight  that  one  of  the 
models,  B,  had  a  bow  very  similar  in  form  to  that  of  A,  Fig.  75 ;  but  such 
was  by  no  means  the  case.  The  fore  foot,  it  will  be  seen,  was  very  consider- 
ably  rounded  up,  and  the  water-lines  terminate  farther  back  in  consequence, 
and,  owing  to  the  increase  in  the  breadth,  and  consequent  increase  in  the 
area  of  midship  section,  the  displacement  became  concentrated  more 
amidships,  with  the  result  that  longer  ends  were  obtained  by  practically 
doing  away  with  the  length  of  middle  body  observable  in  A,  Fig.  75.  If 
the  stem  of  B  had  been  like  A's,  and  the  various  half  breadths  on  No.  1 
section  maintained,  the  fore  ends  of  the  water-lines  would  have  shown 
some  hollow  or  contrary  flexure  in  being  drawn  out  to  the  stem ;  the  dis- 
placement, however,  at  the  fore  end  would  have  to  be  somewhat  added  to, 
and  the  displacement  curve  would  not  have  shown  such  a  fine  end.     Jn 


Fia.  76. 

Fig.  77  the  displacement  curves  of  A,  B,  and  C,  are  shown,  also  the  lines 
of  the  model  C,  and  it  will  be  seen  that  a  "  wave  form  "  of  displacement 
can  exist  even  with  round  full  lines  such  as  those  of  B. 

The  displacement;  curve  of  C  is  practically  the  same  as  that  of  D, 
Fig.  78,  but  it  will  be  observed  that  the  lines  of  the  fore  body  differ 
somewhat,  and  C  has  a  fore  foot  like  A's,  whilst  D's  is  rounded  up  like  B*s. 

The  after  body  of  B,  C,  and  D  were  practically  the  same ;  but  that  of 
D  was  a  trifle  the  finer.  The  dimensions  and  weight  of  these  models  (given 
in  terms  of  weight  or  displacement  of  those  for  the  ship)  were  as  follows  : 


Length. 

Braadth. 

Draught. 

Total 

FT.     IN. 

FT.      IN. 

FT.  IN. 

TONS. 

A 

85     0 

26     01 
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>i 

11 

256 
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»» 
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256 
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The  smaller  displacement  of  A  is  attributable  to  her  smaller  midship 
section ;  and  the  excess  displacement  in  B,  as  compared  with  C  and  D,  is 
attributable  to  her  fuller  bow.  The  resistances  of  these  models  (in  terms 
for  the  ship)  were  as  follows  : 


5  Knots. 

6  Knots. 

7  Knots. 

8  Knots. 

8J  Knots. 

9  Knots. 

9i  Knots. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

A 

0-28 

0-44 

0-69 

113 

1-46 

1-98 

2-78 

B 

0-29 

0-45 

0-67 

105 

1-31 

1-63 

211 

C 

0-29 

0-44 

0-62 

0-89 

Ml 

1-40 

1-90 

D 

0-27 

0-42 

0-64 

0-87 

106 

1-29 

1-60 

I>i 

0-27 

0-44 

0*64 

0-89 

108 

1-28 

1-57 

E 

0-27 

0-40 

0-53 

0-75 

0-85 

0-98 

115 

D^  is  D  with  a  slightly  more  flaring  bow,  as  shown  by  the  dotted  lines 
in  Fig.  78. 

E  is  a  vessel  with  similar  sections  to  D,  but  reduced  in  area  and  spaced 
out  so  as  to  make  the  length  on  water-line  125ft.,  and  the  displacement 
still  256  tons.  The  relative  resistances  are  also  shown  by  curves  on 
Fig.  79. 

Of  course  it  must  be  understood  that  this  was  a  case  where  for  a  fixed 
displacement  the  length  of  load  line  was   limited,  and  the  draught   of 
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water  also;  and,  as  a  matter  of  course,  if  the  length  could  have  been 
increased  as  it  was  in  the  case  of  the  model  B,  the  resistance  would  have 
been  reduced  to  a  much  greater  extent  than  it  was  by  increasing  the  beam. 
This  is  well  illustrated  by  the  curve  for  E.  However,  with  the  restricted 
means  at  disposal,  by  adding  to  the  beam,  and  thereby  increasing  the  area 
of  midship  section,  a  finer  actual  entrance  and  run  were  obtained  with  a 
continuous  curve  from  end  to  end,  the  result  being  a  large  decrease  in  the 
resistance,  or  in  the  power  required  to  attain  a  given  speed.  The  experi- 
ment was,  moreover,  valuable,  as  it  conclusively  proved  the  fallacy  of  the 
assumption  that  the  area  of  the  greatest  transverse  section  (midship 
section)  can  be  a  measure  of  resistance  except  for  vessels  of  exactly 
similar  form  and  proportions. 
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The  resalts  of  the  experiments  just  described  with  the  A  and  B 
models,  and  many  other  similar  experiments  made  by  Mr.  W.  Froude,  afford 
proof  that  a  bow  whose  curve  (page  132)  of  sectional  areas,  or  displacement,. 
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forms  a  cnrve  of  versed  sines  is  of  great  value  where  a  high  rate  of  spec ^ 
for  any  given  propelling  power  is  desired.  The  further  experiments  with 
C  and  D  would  also  seem  to  indicate  that  there  is,  under  certain  conditions^ 
some  value  in  wave  lines,  although,  as  will  be  shown  farther  on,  it  does  not 
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seem  to  be  of  much  importance  that  the  extreme  fine  ends  of  the  lines 
should  be  retained,  judging  by  the  effect  of  cutting  off  those  ends  in  D, 
and  thus  rounding  up  the  fore  foot. 

Illustrated  by  the  vertical  sections  it  would  appear  that  the  U  shaped 
vertical  cross  sections  in  the  bow,  like  the  model  C  has,  have  some 
advantage  over  V  sections,  like  those  of  B  model,  but  that  V  sections,  like 
those  in  D  model,  with  wave  ends  to  the  water-lines,  are  of  the  most  value 
within  the  limits  of  the  speeds  experimented  with. 

There  is,  however,  one  important  circumstance  to  consider  in  con- 
nection with  this  matter.  The  bow  with  U  sections,  as  might  be  supposed, 
exhibited  a  much  greater  tendency  to  "  bore  "  than  those  with  V  sections 
(see  Fig.  80) ;  and  the  fuller  the  water-lines  accompanied  by  U  vertical 
sections  the  greater  the  tendency,  and  this  is  a  matter  of  some  consequence. 
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as  "boring"  will  cause  a  very  serious  diminution  of  speed.  Upon 
reference  to  the  table  of  resistances  it  will  be  seen  that  D  shows  less 
resistance  than  Dj  at  8  and  8^  knots,  but  at  9  and  9^  when  "  boring " 
began  to  manifest  itself,  the  more  flaring  bow,  shown  by  the  dotted  lines 
of  Dj  gave  a  smaller  resistance. 

In  dealing  with  the  question  of  a  V  form  of  vertical  section  for  the 
bow  as  against  a  U  form,  it  would  be  necessary  to  consider  whether  the 
vessel  had  to  be  driven  at  a  speed  when  boring  would  be  likely  to  occur. 
In  the  long  narrow  racing  yachts,  with  very  sharp  V  sections  in  the  bow, 
boring  is  hardly  likely  to  manifest  itself  to  any  serious  extent ;  but  in  the 
shorter  Itchen  boats  the  case  is  different,  the  tendency  being  also  magnified 
by  the  pressure  of  the  enormous  sails  they  carry.  In  such  yachts, 
therefore,  the  flaring  bow,  or  broader  V  section,  such  as  their  greater  beam 
involves,  is  an  advantage  as  against  the  bow  with  flatter  sides,  althoogh 
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it  is  possible  that  there  may  be  some  loss  of  speed  under  certain  wind 
forces  when  "  boring  "  has  not  commenced  to  a  serious  extent. 

As  already  described,  the  wave  form  theory  has  been  no  less  busy 
with  the  after  body  than  with  the  fore  body,  and  the  conclusion  arrived  at 
from  the  results  of  observations  on  actual  vessels  and  experiments  with 
models  is,  that  the  displacement  of  the  after  body  should  be  about  equal  to 
that  of  the  fore  body,  and  be  disposed  of  in  a  wave  form.  The  experiments 
with  the  broad  models  made  by  Mr.  Froude  seemed  to  indicate  that  a  clean 
flat  buttock  line  at  the  quarter  breadth  as  against  a  steeper  one  was  an 
advantage;  and  also  that  fining  the  extreme  after  end  so  that  the  dis- 
placement took  the  form  shown  in  the  displacement  curve  (D,  Fig.  77)  was 
an  advantage. 

Mr.  Colin  Archer  thus  summarises  his  view  of  adapting  the  "wave 
form  ^^  theory  to  the  after  body  :  "  The  form  of  the  after  body  is  required 
by  the  wave  theory  to  be  such  that  an  oscillating  wave  following  a  vessel 
with  her  own  velocity  shall  at  every  point  just  fill  the  vacancy  left  by  each 
succeeding  section,  and  no  more.  This  is  an  essential  condition.  Suppose, 
for  instance,  that  at  a  given  distance  from  the  initial  point  of  the  wave — 
which  will  be  at  the  largest  section  of  the  ship — a  section  of  the  said  wave 
has  attained  to  one-fourth  the  area  of  its  greatest  section.  It  is  then 
required  that  room  shall  have  been  provided  for  suflScient  water  to  form 
this  area  of  cross  section.  A  little  farther  aft  the  sectional  area  of  the 
wave  will  have  reached  one-third  of  its  greatest  area ;  and  room  must  by 
the  time  this  is  reached  have  been  provided  for  this  addition  to  the 
area  of  the  wave  section.  The  area  of  any  vertical  section  in  the  after- 
body must  therefore  be  the  area  of  the  midship  section  less  the  area  which 
the  swell  of  the  wave  supplies  at  that  stage  of  its  formation.  The  wave  is  not 
perfectly  formed  until  the  stem  end  of  water  line  is  reached.  Therefore,  what 
is  wanting  in  volume  at  any  point  must  be  made  up  by  the  body  of  the  vessel 
at  that  point.  As  the  water  flows  to  form  the  following  wave  from  every  point 
from  which  it  has  free  access,  we  need  not  have  the  curve  all  one  way." 

Mr.  Archer  derived  a  radius  for  the  trochoidal  curve  of  sections  for 
the  after  body  from  the  following  formula : 

4D    _      2L 

ir  M  IT 

Where  D  the  displacement  of  the  after  body,  L  length  of  load  line  of 
the  after  body,  M  area  of  midship  section,  and  w  =  ratio  of  diameter  to 
circtimference  =  3"14. 

It  has  already  been  stated  that  a  valuable  result  of  the  long  course  of 
experiments  carried  on  at  Torquay  for  the  Admiralty,  has  been  to  prove 
that  the  wave  form  of  bow  is  of  importance,  if  a  high  rate  of  speed  is 


142  Yacht  Arehiteeture. 


sought  for  any  given  displacement^  lengthy  and  propulsive  power.  Another 
valuable  result  was  to  confirm  Mr.  Scott  Russell's  wave  length  theory,  that 
for  ordinary  speeds  the  after  body  can  be  shorter  than  the  fore  body, 
to  the  extent  indicated  by  the  theory  (see  page  125).  This  relatively 
shorter  after  body  can  also  have  greater  fulness  than  the  fore  body,  and 
the  curve  of  areas  of  sections  aft  might  form  a  trochoid ;  but  so  far  as  yet 
discovered  a  curve  of  versed  sines,  compressed  into  the  relatively  shorter 
length  of  after  body  would  do  equally  well.  If  a  trochoid  is  adopted  Mr. 
Colin  Archer's  formula  for  determining  the  radius  of  the  circle  could  be 
used  if  the  displacement  of  the  after  body  is  known ;  or  a  simpler  method 
would  be  to  take  -j^^^  the  length  of  the  after  body  and  a  function  of  half 

the  area  of  the  midship  section,  thus:  — ^ — 5 •     1*^®  square  root  of  the 

half  area  of  the  midship  section  is  taken  as  approximately  the  diameter  of 
a  circle  of  that  area,  and  half  the  square  root  will  be  the  radius  of  the 
circle.  The  formula  for  the  construction  circle  of  the  after  body  will, 
therefore,  be 

L       ,    V"(M  X  0-5) 


Radius  =    IQ  2         -  Jl.  4.  -^(M  X  0-5 

For  projecting  a  curve  of  versed  sines,  or  a  trochoid,  about  5  per  cent, 
is  added  to  the  end  of  the  load  line  forward  and  aft,  in  order  to  afterwards 
cut  off  the  very  thin  termination  of  the  curves. 

Variations  in  the  Ratio  op  the  Growth  op  the  Resistance  at 
Progressive  Speeds. 

It  was  for  a  long  time  surmised  that  when  once  the  wave-making 
period  commenced  the  resistance  would  go  on  increasing  as  the  square 
or  the  cube  of  the  speed ;  but  the  ratio  of  the  increase  of  the  resistance 
may  vary  considerably,  undergoing  ultimate  augmentation  and  diminution, 
after  the  wave-making  speed  has  been  reached.  This  feature  of  resistance 
in  water  it  is  true  had  long  been  known  or  suspected,  but  it  was  first 
brought  to  prominent  notice  by  the  performance  of  the  fast  steam  launches 
built  by  Mr.  Thornycroft.  One  of  the  first  of  these  was  the  Miranda, 
45ft.  Gin.  on  the  water-line,  6ft.  6in.  beam,  and  1ft.  9in»  draught  of  water, 
displacement  3*72  tons.  Sir  F.  Bramwell  experimented  with  this  launch, 
and,  according  to  his  report,  the  speed  and  corresponding  resistance  in 
I.H.P.  were  shown  in  Fig.  81.  It  will  be  seen  that  between  five  and  seven 
knots  the  resistance  grows  very  slowly,  or  at  a  less  rate  than  the  square 
of  the  speed.  Between  seven  and  eleven  knots  the  resistance  increased  as 
the  fourth  power  of  the  speed,  and  the  curve  shows  some  indications  of  a 
"hump;"  after   this  hump   has   been   passed   over,  between   twelve  and 
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{onrteen  knots^  the  increase  of  resistance  had  fallen  again  to  nearly  the 
sqaare  of  the  speed,  bat  began  to  rise  again  after  passing  fourteen  knots. 

A  want  of  knowledge  of  this  variation  in  the  ratio  of  the  growth  of 
the  wave-making  resistance  no  doubt  led  early  experimentalists  into  many 
errors,  which  were  further  emphasised  by  neglect  of  the  law  of  comparison 
for  the  speed  of  a  ship  to  that  of  her  model,  the  models  usually  having  been 
towed  at  a  speed  equal  to  the  assumed  speed  of  the  ship  she  represented. 
Mr.  Proude  conducted  a  number  of  experiments  to  ascertain  how  the  wave 
system  operates  on  a  ship^s  resistance  at  different  speeds,  and  he  demon- 
strated that  the  transverse  waves  are  the  main  cause  of  the  variations  in  the 
growth  of  the  resistance,  and  the  author  must  here  acknowledge  his  in- 
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debtedness  to  Mr.  E.  E.  Proude  for  a  clear  elucidation  of  the  phenomenon. 
In  the  first  place,  it  will  be  necessary  to  separate  the  resistance  due  to  the 
diverging  waves  (D)  formed  by  the  bow  from  the  resistance  due  to  the 
transverse  waves  (T)  formed  by  the  bulk  of  the  body.  Also  to  disregard 
resistance  due  to  friction  which  has  a  constant  ratio  of  growth. 

In  Pig.  82,  the  curve  D  represents  the  resistance  due  to  the  bow  wave 
(not  to  any  scale).  It  will  be  seen  that  its  ratio  of  growth  is  represented 
as  practically  constant,  and  its  magnitude  at  any  given  speed  will  depend 
mainly  upon  the  length  and  angle  of  the  entrance. 

It  has  already  been  shown  that  the  speed  of  waves  is  governed  by 
their  lengths,  and  that  the  longer  the  wave  the  greater  the  speed;  it 
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therefore  follows  that  if  the  entrance  of  a  ship  tends  to  make  compara- 
tively  long  waves  she  can  be  made  to  travel  at  a  speed  nearly  equal  to  the 
speed  naturally  appropriate  to  the  wave  before  she  commences  to  meet  with 
undue  resistance;  and,  further,  it  is  an  established  principle  that  the 
longer  the  bow  of  a  ship  is  made  the  longer  will  be  the  waves  it  will  tend 
to  create.  Thus,  for  instance,  supposing  we  take  the  curve  of  areas  of 
sections  for  a  yacht  (see  Fig.  74),  and  increase  the  spacing  between 
the  sections  so  as  to  bring  her  total  length  of  water-line  up  to  100ft.,  it  is 
obvious  that  the  bow  will  be  longer,  and  "  finer,"  because  it  will  make  a 
smaller  angle  with  the  centre  fore  and  aft  line.  The  tendency  of  this  bow 
will  therefore  be  to  make  longer  waves,  and  consequently  the  yacht  could 
be  driven  at  a  proportionately  higher  speed   before  she  met  with  undue 


6  6  10  12  14 

&ced^  Scaler  z£t/  KMi9 

Fia.  82. 

resistance  from  bow  wave  making.  On  the  other  hand,  if  she  were 
shortened,  still  retaining  the  same  sectional  areas,  she  would  have  her 
entrance  shortened  and  altered  to  a  coarser  angle;  the  waves  the  bow 
would  tend  to  make  woald  be  shortened  also,  and  have  a  less  natural 
speed;  consequently  the  yacht's  speed  would  approach  the  speed  of  the 
waves  earlier,  and  to  get  her  beyond  the  speed  of  the  waves  would  require 
an  undue  expenditure  of  power. 

Thus  the  scale  of  the  D  curve.  Fig.  82,  depends  mainly  on  the  form  of 
the  fore  part  of  the  load  line  and  lines  near  under  it,  because  the  diverging^ 
waves  being  comparatively  short  in  the  line  of  their  motion,  are  conse- 
quently shallow,  and  are  not  affected  by  displacement  at  a  low  level.  The 
D  resistance  will  thus  mainly  depend  upon  the  relative  sharpness  or  blunt- 
ness  of  the  bow.     A  long  straight  wedge-shaped  bow  will  make  similar 
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diverging  waves  at  all  moderate  speeds^  the  scale  of  the   waves  being 
proportional  to  the  scale  of  the  square  of  the  speed. 

If  the  bow  is  hollow  the  wave  making  at  low  speeds  will  be  dependent 
upon  the  sharp  end  of  the  bow,  and  the  D  resistance  will  be  less  at  low 
speeds  than  with  the  straight  bow  before  referred  to ;  but  this  advantage 
need  not  exist  at  higher  speeds,  as  then  a  vessel  with  a  hollow  bow  would  be 
turning  off  larger  waves  from  her  shoulder  on  each  side,  especially  if  much 
heeled,  and  she  would  then  make  larger  diverging  waves  than  one  which 
has  straight  lines.  Shortening  back  the  lower  water-lines  (see  D ,  P^-g©  136-7) , 
and  making  the  load  water-line  and  those  near  it  fuller,  so  as  to  bring 
about  sections  in  the  bow  more  V  *han  U,  ^^^  to  increase  the  D  resis- 
tance and  decrease  the  T  resistance  because  the  effective  depth  of  the  body 
is  diminished.  Whether  or  not  there  will  be  a  net  gain  depends  upon 
which  resistance  is  the  most  potent  at  any  given  speed. 

The  character  of  the  curve  of  resistance  (T,  in  Fig.  82),  due  to  the 
formation  of  transverse  waves,  is  mainly  governed  by  the  form  given  to 
the  displacement  as  depicted  by  the  curve  of  areas.  Fig.  74,  page  132.  It 
has  already  been  pointed  out  that  the  transverse  waves  can  be  sustained 
with  great  depth  of  trough,  and  that  deep  displacement  tends  to  create 
deep  transverse  waves. 

A  very  broad  keel,  such  as  modem  racing  yachts  have,  will  therefore 
tend  to  emphasise  the  formation  of  transverse  wave-making  resistance, 
although  the  increase  to  the  resistance  from  this  cause,  so  far  as  practice 
has  yet  gone,  would  be  more  than  compensated  for  by  the  extra  stability 
due  to  the  lower  position  of  the  centre  of  gravity  of  the  lead  keel  conse- 
quent upon  its  broader  form.  The  same  remarks  apply  generally  if  the 
stability  is  added  to  by  deepening  the  keel  indefinitely,  although,  of 
course,  the  thicker  the  keel  the  more  it  would  tell  in  the  resistance ;  and 
the  smaller  would  be  the  gain  in  speed  due  to  the  extra  sail- carrying 
power.  This  always  assumes  that  the  fore  edges  of  the  keel  are  pared  away 
to  make  as  fine  and  fair  an  entrance  as  possible.  If  the  keel  were  thin, 
say  from  1  to  4  inches  thick,  as  it  is  in  a  fin  keel,  nearly  the  whole  of 
the  resistance,  due  to  deepening  the  keel,  would  result  from  skin  friction. 
The  additional  resistance,  due  to  the  extra  depth  being  frictional,  could  be 
met,  within  the  limits  of  stability,  by  proportionally  adding  to  the  sail 
area.  This  to  a  great  extent  explains  why  it  has  been  possible  to  take  so 
much  advantage  of  under  water  depth  in  small  yachts. 

U  sections  in  the  bow  and  stern  also  tend  to  increase  the  depth 
of  transverse  waves,  and  therefore  of  the  T  scale  of  resistance,  for  the 
reason  that  they  increase  the  effective  average  depth  of  body. 

It   therefore   follows   that  with   any  given   area   of    cross    sections 
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deepening  and  narrowing  them^  or  deepening  the  bilge^  will  increase  the 
resistance  due  to  tranverse  wave-making;  and  with  any  given  displace- 
ment^ decreasing  the  areas  of  cross  sections  and  increasing  the  spacing 
between  the  sections^  so  as  to  increase  the  length  and  decrease  the  angle  of 
entrance  (see  the  curve  E^  page  139)^  will  tend  to  decrease  the  resistance 
due  to  transverse  wave-making.  Attempts^  however,  to  measure  the 
resistance  from  the  angle  of  the  bow  would  necessarily  end  in  failure, 
as  the  general  resistance  rests  on  so  many  distracting  conditions. 

Deepening  the  bilge,  although  it  would  increase  the  resistance  doe  to 
transverse  wave-making,  might  considerably  add  to  stability  (see  page  43). 


Pig.  83. 

Making  the  cross  sections  in  the  bow,  or  stern,  of  the  \/  form  for 
^ny  given  displacement  tends  to  add  to  the  D  resistance,  because  by 
spreading  out  the  upper  part  of  the  sections  the  angle  of  resistance  must 
be  greater,  and  necessarily  the  resistance  from  the  diverging  waves  will 
be  greater.  At  the  stern  end  this  may  be  a  distinct  advantage ;  so  far  as 
the  stern  divergent  waves  are  concerned,  they  are  of  less  serious  import  in 
the  general  resistance  than  the  tendency  the  stern  might  have  to  increase 
the  transverse  wave-making ;  and  even  at  the  bow  there  may  be  an 
xidvantage  derivable  from  the  V  bow,  as  indicated  on  page  189. 

This  must  not  be  understood  to  mean  that  if  a  vessel  has  \J  cross 
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sections  in  the  bow^  and  they  are  altered  to  V  sections^  without  altering 
the  shape  or  increasing  the  angle  of  the  upper  water  lines,  that  there  would 
be  an  increase  in  the  resistance  due  to  the  diverging  waves;  on  the 
<5ontrary,  there  would  be  a  palpable  decrease,  as  the  displacement  would  be 
reduced,  and  so  would  the  surface,  and  the  fore  end  of  the  curve  of  areas 
would  be  finer.      This  will  explain  the  cause  of  the  advantages  which  have 


Fig.  84. 

arisen  by  cutting  away  the  fore  foot  of  modern  yachts,  as  shown  by 
dotted  lines  in  Pig.  88. 

Alteration  of  character  of  curve  of  areas  (see  page  182),  so  far  as  it 
partakes  of  the  nature  of  cutting  off  a  small  piece  at  the  end  of  the  curve 
of  versed  sines,  does  not  much  modify  the  curve  of  T  resistance  (see  the 
dotted  line  Pig.  84),  although  it  would  necessarily  add  to  the  resistance 
(D)  due  to  the  diverging  of  bow  waves.  If  the  alterations  referred  to  are 
made  so  as  not  to  alter  the  total  length  of  forebody  (either  by  contracting 
the  curve  versed  to  a  &,  and  then  putting  in  a  quasi-parallel  body  b  c,  or 
by  stretching  out  the  curve  of  sines  to  a  c,  as  shown  in  Pig.  85,  and  then 
<;uttiDg  off  the  thin  piece),  the  result  will  be  a  combination  of  the  effects  of 
contracting  the  length  scale  and  departing  from  the  character  of  the  curve 
of  sines. 

It  may  be  inferred  from  what  has  gone  before  that,  for  any  given 
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-displacement  and  length  of  water-line,  a  vessel  with  a  length  of  five  times 
her  beam  and  great  comparative  depth,  would  meet  with  less  resistance 
than  one  of  greater  beam  and  less  depth.  This,  however,  is  only  a  partly 
true  state  of  the  case.  It  can  be  assumed  that  two  yachts  are  each  to  be 
90ft.  on  the  water-line,  and  each  to  have  150  tons  displacement ;  but  whilst 
one  has  a  beam  of  18ft.  and  a  depth  of  under  water  body  of  9ft.,  the 
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other  has  a  beam  of  25ft.  and  a  draught  of  6*5  only.  These  sections 
(see  Fig.  86)  can  be  taken  as  fairly  representing  yachts  of  the  modem 
type  and  the  type  in  existence  up  to  the  year  1888.  At  low  speeds,  up  to 
three  knots,  when  the  resistance  would  be  mainly  accounted  for  by  skin 
friction,  the  narrower  vessel  would  get  an  advantage,  provided  they  had 
equal  sail  area  per  square  foot  of  immersed  surface.  If  such  an  equality 
did  not  exist,  the  yacht  with  the  larger  proportion  of  sail  spread  to 
wetted  surface  would  make  the  greater  headway  even  at  three  knot 
speeds.  This^  of  course,  assumes  that  the  quality  of  the  sails  and 
the  quality  of  the  surface  for  friction  are  equal.  If  the  shallower  hull 
has   deep   fixed   keel  or  fin   of   the  modem  pattern    and  an   inuaersed 


surface  and  sail  spread  equal  to  those  of  the  narrow  yacht,  she  would 
obtain  an  advantage  when  they  arrived  at  the  first  stage  of  wave 
makings  say  at  five  knots,  if  the  entrance  of  the  broader  boat  should 
be  hollow,  as  only  the  fine  or  thin  end  of  the  entrance  would,  as  yet,  be 
concerned  in  making  the  diverging  waves  at  the  bow,  whilst  the  transverse 
wave-making  would  still  be  unimportant  in  either  (see  page  144).  At 
higher  speeds,  however,  say  at  seven  or  eight  knots^  when  the  broader 
vessel  began  to  get  her  bow,  as  it  were,  into  the  waves,  she  would  turn  off 
diverging  waves  of  greater  size  and  at  larger  angles  ;  the  narrower  yacht 
would  then  get  a  considerable  advantage,  always  assaming  she  had  an 
equal  sail  spread  per  square  foot  of  immersed  surface,  and  per  unit  of 
displacement',  and  carried  her  canvas  as  effectively  as  the  broader  yacht. 
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This  advantage  wonld  be  maintained  until  the  transverse  wave-making 
began  to  form  a  larger  part  of  the  total  resistance  than  the  part  due  to  the 
bow  diverging  waves,  say  at  about  eleven  knots  for  lengths  of  90ft. 
Then  the  shallower  vessel  would  have  the  advantage,  as  her  transverse 
wave-making  would  be  relatively  small.  It  must  be  recollected  that 
the  resistance  due  to  the  bow  waves  increases  in  practically  a  constant 
ratio,  as  already  explained,  whilst  the  ratio  in  the  growth  of  the  resistance 
due  to  transverse  waves  may  rapidly  increase. 

It  must  be  understood  that  the  foregoing  refers  entirely  to  per- 
formance in  smooth  water,  as  performance  amongst  waves  is  influenced  by 
many  other  qualities. 
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The  character  of  the  curves  of  the  resistance  of  the  two  types  is 
depicted  in  the  diagram.  Fig.  87,  and  exhibits  the  variation  in  the 
resistance  of  the  broad  and  shallow,  and  deep  and  narrow  type  of  vessel 
for  any  given  length  and  displacement.  The  dotted  line  represents  the 
carve  of  shallow  type,  and  shows  that  the  resistance  is  only  increasing 
moderately  at  about  eleven  knots,  whilst  that  of  the  deep  model  is  rising 
very  rapidly,  and  crosses  above  the  curve  of  the  other  at  about  the  speed 
named.    The  "  speed  scale  "  is  made  to  suit  a  length  of  about  90ft. 

We  now  come  to  consider  the  cause  of  the  '^  hump  "  in  the  T  curve 
of  resistance  as  shown  in  an  exaggerated  manner  at  T^  Fig.  88^  page  150^ 


160 


Tacht  Architecture^ 


also  in  the  more  exact  curve  representmg  the  resistance  of  the  Miranda 
(Pig.  81,  page  143). 

The  results  of  the  experiments  conducted  by  Mr.  Proude  pointed  to 
the  significant  fact  that  the  ^^hump,"  or,  in  other  words,  the  sudden 
growth  in  the  resistance  when  some  particular  speed  was  reached,  was  less 
pronounced  when  the  curve  of  displacement  approached  a  curve  of  versed 
sines  or  actually  formed  such  a  curve ;  but  all  trace  of  the  hump  was  never 
obliterated  if  the  speeds  experimented  with  were  sufficiently  close  together 
to  ensure  its  not  being  passed  over.  This  is  a  matter  of  some  importance, 
because  the  ^^hump'^  rarely  appears  in  the  ordinary  diagrams  of  speed 
curves ;  but  this  is  only  for  the  reason  that  the  speeds  experimented  with 
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are  few  and  far  between ;  and,  moreover,  the  effective  horse  power  may 
have  variations  with  the  calculated  or  indicated  horse  power,  which 
variations  do  not,  of  course,  come  out  in  ordinary  trial  trips  on  tho 
measured  mile.  In  the  extended  trials  of  torpedo  boats  and  torpedo 
catchers  made  by  the  Admiralty,  the  '^  humpiness ''  of  the  speed  curve 
is,  however,  apparent  enough. 

The  humps  which  in  the  curve  indicate  a  sudden  increase  in  the  ratio 
of  the  growth  of  the  resistance  do  not  appear,  as  will  be  readily  under- 
stood, until  the  vessel  arrives  at  a  pronounced  wave-making  speed,  which, 
as  already  explained,  will  be  when  the  rate  of  speed  per  hour  approximately 
equals  the  square  root  of  the  length  of  the  vessel  for  fair  forms. 
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Thus,  in  a  100ft.  vessel  of  fair  form  it  would  begin  to  appear  .at 
about  ten  knots,  and  Mr.  B.  E.  Froude,  in  some  experiments  lie  made 
with  a  model  of  a  narrow  and  deep  3-tonner,  found  it  apparent  between 
4|  and  5^  knots,  which  are  about  the  speeds  at  which  it  might  be 
looked  for  if  ten  knots  is  the  speed  for  its  appearance  in  a  100ft.  vessel. 
After  the  "hump"  is  once  surmounted  the  ratio  of  the  growth  of  the 
resistance  would  fall  again,  forming  a  sort  of  flat  place  or  hollow  in  the 
curve ;  but  the  growth  in  the  resistance  is  subsequently  so  enormous  that 
only  torpedo  boats  have  yet  climbed  the  steep  part  of  the  curve  R  (Fig.  88) 
and  got  into  the  flat  place  again  at  S.  It  will  be  gathered  that  the  steep 
part  R  occurs  at  different  speeds  according  to  the  length  of  vessel 
concerned. 

Suitably  to  what  has  been  advanced,  the  first  indication  of  the 
"hump''  (T,  Fig.  88),  or  great  increase  in  the  growth  of  the  resistance, 
might  be  looked  for  in  varying  lengths  of  body  at  the  following  speeds : 


Length  on  L.W.L.    

Ft. 
16 

Ft. 
20 

Ft. 
25 

Ft. 
30 

Ft 
35 

Ft. 
40 

Ft. 
45 

Ft. 
50 

Ft. 
60 

Ft. 
70 

Ft. 
80 

Ft. 
90 

Ft. 
100 

Ft. 
120 

Ft. 
140 

Ft. 
160 

Ft 
200 

Speed  in  knots 

40 

4-6 

50 

5-5 

5-9 

6*3^  fl'9 

7-1 

7-8 

8-4 

9-0 

9-5 

100 

110 

11-8 

12-7 

14*0 

The  speeds  in  the  above  table  denote  the  period  when  a  yacht  of 
given  length  might  be  expected  to  meet  with  an  increase  in  the  ratio 
of  the  resistance ;  and  it  partly  explains  why,  sometimes  with  only  a  small 
accession  of  wind,  a  larger  sailing  yacht  will  commence  to  gain  much  faster 
than  she  has  hitherto  been  doing  on  a  smaller  yacht.  Say  the  speed  of  a 
60ft.  vessel  has  been  7  knots  and  that  of  an  80ft.  7*5  knots,  then,  if 
the  wind  increased  so  as  to  drive  the  former  to  eight  knots,  she  would 
arrive  at  speed  when  she  would  experience  an  augmentation  in  the  ratio 
of  the  growth  of  her  resistance;  but  the  80ft.  vessel  could  put  on  this 
addition  of  one  knot  to  her  speed  without  experiencing  any  such  increase, 
and  the  ultimate  effect  would  be  that  her  speed  would  be  accelerated  in  its 
relation  to  the  speed  of  the  60ft.  yacht. 

For  any  given  displacement,  deepening  (see  pages  131,  145),  by 
adding  to  the  depth  and  diminishing  the  breadth,  will  tend  to  make  the 
speed  higher  at  which  there  will  be  an  increase  in  the  ratio  of  the  growth  of 
the  resistance ;  on  the  other  hand^  the  growth  when  it  does  conmience  will 
be  greater,  and  the  hump  in  the  curve  will  consequently  be  more  pronounced. 
The  reason  why  the  speed  should  be  higher  is  accounted  for  by  the  fact 
that  the  transverse  waves  become  longer  or  the  crests  more  separated  by 
removing  farther  forward  and  aft  as  the  depth  of  action  increases. 

Making  the  ends  finer  and  the  mid-section  larger,  in  any  given  dis- 
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placement^  tends  to  cause  the  hump  to  appear  at  lower  speeds,  but 
in  a  less  pronounced  form.  The  reason  of  this  is  that  the  bow  wave 
is  brought  aft,  and  the  stem  wave  forward,  so  that  the  transverse  wave 
becomes  shorter. 

It  will  thus  be  seen  that  the  growth  of  the  resistance  is  affected  at 
some  particular  speed  by  the  position  of  the  transverse  waves  on  either 
side  of  the  vessel,  and  these  positions  may  again  vaiy  if  the  vessel  is 
inclined.  It  has  already  been  intimated  (see  page  145)  that  [J  sections  in 
the  bow  and  V  shape  sections  in  the  stem  may  tend  to  reduce  the  general 
resistance,  and  the  reason  seems  to  be  the  part  the  after  body  plays  in 
making  transverse  waves  is  all  waste  power,  whereas  some  of  the  power 
expended  may,  under  certain  conditions,  lessen  the  resistance  due  to  the 
diverging  wave-makiug;  some  of  the  effect  of  \J  sections  in  the  bow,  which 
deepen  the  transverse  wave,  may  be  recovered  by  the  manner  it  affects  the 
after  body,  and  Mr.  it.  E.  Proude,  in  explanation  of  this  matter,  says :  * 

"  To  destroy  or  absorb  the  bow-wave  system  must  require  the  action 
of  forces  derived  somehow  from  the  arrangement  of  stream-line  pressures 
proper  to  the  advance  of  the  after-body  through  the  fluid ;  which  arrange- 
ment of  pressures  is  in  itself  the  source  of  the  independent  wave-making 
action  of  the  after-body.  Since  then,  both  the  absorption  of  the  bow- 
wave  and  the  foundation  of  the  stem-wave  spring  from  the  same  source,  it 
is  impossible  that  the  introduction  of  the  former  operation  should  not  affect 
the  latter.  The  bow-wave  in  being  absorbed  must  do  something  to  the 
stem-wave.  It  suggests  itself  as  a  reasonable  hypothesis  that  this  action 
is  to  arrest  its  formation.  That,  in  fact,  the  function  of  the  after-body 
when  advancing  into  water  already  in  a  certain  state  of  wave-motion,  is  to 
swallow  up  that  wave  instead  of  making  any  of  its  own.  If  so,  the  placing 
of  the  after-body  in  the  most  favourable  position  in  reference  to  the  bow- 
wave  series  has  a  double  benefit ;  (1)  the  bow  waves  restore  their  energy 
and  are  absorbed ;  and  (2)  in  doing  so  they  prevent  the  expenditure  of 
energy  in  making  stem  waves. 

'^On  this  view  the  theoretically  perfect  result  (i.e.,  which  would  be 
obtainable  with  the  best  position  of  after-body  if  the  two  ends  of  the  ship 
were  alike,  and  if  the  bow-wave  series  did  not  spread  away  sideways  before 
reaching  the  after-body),  would  be  that  there  would  be  no  transverse  waves 
left  at  all,  and  no  resistance  due  to  their  formation. 

*' Applying  these  propositions   to  the  wave-making  of   a  ship  they 

amount  to  this,  that  the  combined  or  resultant  wave  series  left  astern  of 

the  ship  will  be  such  remainder  of  the  bow-wave  series  as  would  have  been 

there  but  for  the  after-body  (and  which  maybe  called  the  bow  component), 

*  Vide  "  Transaotiona  Institution  Nay&l  Architects,"  1881. 
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*  saper-posed '  upon  what  may  be  called  the  ^  natural '  stern- wave  series^ 
i.e.,  the  series  which  would  have  been  made  by  the  after-body  if  there  had 
been  no  remainder  of  the  bow-wave  series  (and  which  may  be  called  the 
stem  component). 

"  And^  therefore,  when  the  two  sets  of  crests  coincide  the  resultant 
wave  height  will  be  greatest,  and  will  equal  the  sum  of  the  heights  of  the 
two  components ;  and  when  the  crests  of  one  component  coincide  with  the 
troughs  of  the  other,  the  resultant  wave  height  will  be  smallest,  and  will 
equal  their  difference. 

"  It  has  been  pointed  out  that  the  height  of  the  waves  made,  and  the 
amount  of  the  resistance  caused,  will  be  of  the  maximum  or  minimum, 
according  as  the  crests  of  the  bow-wave  series  coincide  with  the  crests,  or 
troughs,  of  the  natural  stern- wave  series.  It  follows  also  from  the  theory 
that  in  either  of  these  two  cases  the  crest  of  the  '  resultant  wave '  coincides 
with  the  crest  of  the  larger  of  the  two  components,  while  if  the  crests  of 
one  series  fall  on  the  slopes  of  another,  the  '  resultant '  crest  position  will 
be  a  compromise  between  the  crest  positions  of  the  components^  though 
nearer,  of  course,  to  the  larger  of  the  two. 

''The  maximum  resistance  and  largest  wave  will  be,  as  the  theory 
prescribes,  where  the  crest  positions  of  the  components  coincide,  and  the 
minimum  resistance  and  smallest  waves  where  the  crest  of  one  falls  in  the 
trough  of  another .^^ 

Mr.  Froude,  by  aid  of  the  foregoing  observations,  demonstrated  that  the 
"  hump  "  would  occur  in  the  resistance  curve,  or,  in  other  words,  that  there 
would  be  an  increase  in  the  growth  of  the  resistance,  when  the  vessel 
moved  at  such  a  speed  that  the  crests  of  the  bow  and  stern  waves  coincided, 
and  a  decrease  when  the  crest  of  one  coincided  with  the  trough  of  the  other. 

It  would  appear  that  the  ratio  of  the  growth  of  the  resistance  would 
be  at  a  minimum  when  the  transverse  wave  crest  is  at  or  about  the  middle 
of  length  of  the  after  body.  This,  of  course,  does  not  mean  that  if  of  two 
vessels  one  (A)  has  a  wave  crest  at  the  point  mentioned,  and  the  other  (6) 
at  a  point  further  aft,  that  the  former  will  have  the  least  resistance,  or, 
in  other  words,  be  the  faster  boat.  Such  is  by  no  means  the  case.  The 
meaning  is,  that  if  A  were  driven  at  some  other  speed,  so  as  to  draw  the 
wave  farther  aft,  she  would  then  have  an  increase  in  the  ratio  of  the  growth 
of  resistance,  similar  to  that  which  B  had  experienced,  and  a  "  hump '' 
would  appear  in  her  speed  curve ;  on  the  other  hand,  if  B  were  now  driven 
yet  faster,  she  would  bring  her  wave  still  farther  aft  and  finally  get  over 
her  hump  and  some  way  up  the  steep  incline  shown  by  R  S  (Pig.  88).  The 
humps  and  hollows  in  speed  and  resistance  curves  occur,  therefore,  as  the 
transverse  waves  shift  their  positions,  relative  to  the  vessel,  at  varying  speeds. 
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Torpedo  boats,  when  they  travel  at  high  speeds  and  surmount  the- 
steep  part  of  the  curve,  R  S,  bring  the  crest  of  the  transverse  wave  abaft 
the  stem,  but  it  would  be  impossible  for  a  sailing  yacht  of  similar  length 
(say  100ft.)  to  do  this.  As  the  crest  goes  aft  there  is,,  consequently,  a 
trough  under  the  quarter  into  which  the  stem  of  the  boat  sinks,  hence  it 
has  been  found  an  advantage  in  torpedo  boats  of  100ft.  length  at 
high  speeds  to  move  their  weights  forward.  The  explanation  of  this  is 
that  by  depressing  the  bow  the  action  ia  forming  the  transverse  wave  is- 
carried  forward,  and,  as  a  consequence,  the  wave  itself  must  come  forward, 
bringing  a  wave  crest  under  the  quarter  instead  of  a  wave  hollow. 

It  should  also  be  noted  that  whilst  the  usual  bow  divergent  wave  is 
thrown  off  from  the  bow  of  torpedo  boats,  a  second  wave  is  formed,  on  the 
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back  slope  of  which  the  bow  rises  at  the  highest  speeds,  and,  although  the 
stern  may  sink  into  the  hollow  aft,  there  is  relatively  to  the  normal  water 
level  a  sensible  lifting  of  the  boat.  (See  Fig.  89,  which  is  a  copy  of  a 
photograph  taken  from  a  high  speed  launch  built  by  Messrs.  Simpson  and 
Strickland,  of  Dartmouth). 


Resistance  Varied  by  Alterations  in  Displacement. 

If  a  vessel  of  a  given  length,  breadth,  and  depth  has  a  certain  displace- 
ment, and  if  another  vessel  of  similar  dimensions  has  a  larger  displacement, 
it  may  follow  that  the  latter  has  the  greater  resistance  ;  but  this  may  only 
be  true  at  high  speeds,  when  the  total  resistance  is  largely  made  up  from 
wave  making ;  as  the  fuller  form  of  the  larger  displacement  may  yield  a 
smaller  jskin  surface  for  friction,  and  thus  have  an  advantage  at  low  speeds. 

If  the  yacht  of  given  dimensions  is  sunk  deeper  in  the  water  by  the 
aid  of  ballast,  or  other  means,  the  resistance  for  any  given  speed  will 


Resistance  and  Displacement  155 

probably  be  added  to  in  a  ratio  with  the  §  power  of  the  displacement;  but 
in  a  sailiDg  yacht  there  might  be  an  ultimate  gain  if  her  stiffness  or  power 
to  carry  sail  has  been  increased  by  the  addition  of  ballast.  By  so  sinking 
the  vessel  in  the  water  the  area  scale  of  the  curve  of  sectional  areas  would 
be  increased^  and  the  augmentation  of  the  resistance  would  be  due  to  the 
emphasised  transverse  wave-making  (see  pages  145-6). 

With  regard  to  differences  in  resistance  at  moderate  speeds  due  to 
alteration  in  immersion  or  displacement^  it  is  safe  to  attribute  the  variations 
to  the  alterations  made  in  the  area  of  immersed  surface ;  and  thus  any 
advantages  which  might  accrue  from  making  a  small  reduction  in  the 
weights  of  a  vessel  for  sailing  in  light  winds  depend  chiefly  upon  a  sensible 
decrease  being  made  in  the  area  of  immersed  surface.  Thus^  about  4  tons 
of  ballast^  or  other  weighty  would  require  to  be  removed  to  lighten  the 
64ft.  cutter  Isolde  8in.^  and  4  tons  would  be  6*6  per  cent,  of  her  dis- 
placement. There  would  be  a  reduction  of  about  33  sq.  ft.  in  her  area 
of  immersed  surface,  or  about  2*8  per  cent,  of  the  whole.  At  moderate 
speeds  up  to  5  knots  the  gain  per  hour  might  be  as  much  as  0*1  mile,  or 
about  one  mile  in  fifty,  or  twelve  minutes  in  ten  hours ;  and  in  very  light 
winds  the  gain  would  be  still  more  marked.  No  doubt  this  would  be  a  very 
important  advantage  to  obtain ;  but  if  the  wind  increased  to  a  pressure  of 
from  O'llb.  to  21b.  per  square  [foot  of  canvas,  which  would  involve  an 
inclination  of  from  20°  to  30°,  the  case  would  be  entirely  altered,  as  weight, 
in  the  form  of  ballast  low  situated,  cannot  be  removed  from  a  vessel  without 
reducing  her  stabihty,  and  thereby  reducing  the  effectiveness  of  her  canvas. 
A  vessel  always  ought  to  be  provided  with  the  greatest  possible  stiffness 
and  stability  compared  with  other  competitors  to  meet  the  wind  pressures 
just  indicated.  It  follows,  however,  that  if  a  vessel  can  be  lightened  by 
reducing  the  weight  of  her  gear,  spars,  or  fittings,  there  will  be  a  gain  in 
speed,  due  to  a  probable  increase  in  stabiliiy  and  to  the  positive  decrease 
in  weight  and  immersed  surface. 

With  regard  to  an  addition  to  the  displacement  by  increasing  the 
spacing  between  the  water-lines  and  maintainiug  their  original  areas,  the 
Freda  and  Yanessa  in  a  general  way  afford  an  illustration  of  what  can  be 
done  in  this  way.  The  displacement  of  Vanessa  is  28*5  tons,  and  that  of 
the  Freda  35*5  tons.  The  7  tons  extra  displacement  were  got  into  the 
Freda  by  a  general  deepening  of  her  body,  as  illustrated  by  Fig.  90.  ; 

The  character  of  the  distribution  of  the  displacen^ent  in  a  fore  and  aft 
direction  remained  nearly  the  same,  as  shown  in  Fig.  91. 

As  the  mid-section  area  of  Freda  is  45  sq.  ft.,  and  that  of  Yanessa 
86  sq.  ft.,  the  area  scale  of  Freda  would  be  the  larger  in  the  ratio  of  the 
differences  in  their  relative  mid-section  areas. 
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At  the  first  thought  it  might  appear  that  adding  7  tons  to  the  dis- 
placement of  a  20-tonner,  by  general  increase  in  her  depths  woald  so 
seriously  influence  the  resistance  that  the  yacht  would  fail  in  point  of 
speed.  However^  it  would  seem  that  the  resistance  due  to  displacement^  by 
adding  to  the  depth  of  immersion^  increases  in  a 
less  ratio  than  the  theory  prescribes  at  moderate 
speeds,  as  increase  of  depth  does  not  much  affect 
the  divergent  wave-making  at  the  bow  and  stem, 
although  it  does  the  transverse  wave-making 
developed  at  the  higher  speeds. 


FiQ.  90. 

Still,  the  resistance  due  to  the  extra  7  tons, 
as  compared  with  the  resistance  of  Vanessa, 
could  not  have  been  overcome  had  the  yacht  been 
ballasted  as  Vanessa  was.  The  latter  had  only 
2*5  tons  of  lead  on  her  keel,  of  a  total  weight  of 
ballast  of  16'5  tons,  whereas  Freda  had  her  total  weight  of  19  tons  on  her 
keel;  and  the  total  area  of  sail  of  Freda  was  8140  sq.  ft.^  and  2620  sq.  ft. 
for  Vanessa.     By  the  formula  given  on  page  101,  and  taking  the  speed 


Resistance  as  Affected  by  Increase  of  Length.      167 

at  8  knots^  and  tlie  resistance  as  the  cabe  of  the  speedy  the  resistance  of  the 
Freda  due  to  the  7  tons  displacement  would  be  exactly  met  by  her 
additional  sail  spread^  so  the  advantage  so  far  would  not  be  exhibited  in 
8|)eed;  but  the  increase  of  stiffness  due  to  extra  weight  and  the  lower 
position  of  her  ballast,  and  the  advantage  of  2ft.  increased  length  of  water- 
Une  formed  no  part  of  the  estimate ;  but  it  is  obvious  that  they  would  give 
her  a  considerable  advantage  in  the  matter  of  speed.  In  the  case  of  a  steam 
yacht  the  extra  resistance  due  to  the  increased  displacement  could,  of  course, 
be  overcome  by  extra  steam  power,  which  would  be  a  matter  of  simple 
calculation. 

It  must  be  understood  that  there  was  a  great  step  between  the 
ballasting  and  canvassing  of  Vanessa  and  Freda,  and,  so  far  as  com- 
petitive sailing  is  concerned,  Freda  obtained  the  advantages  recited  without 
being  taxed  for  the  same  under  the  then  prevailing  tonnage  rule.  Under 
the  existing  rating  by  length,  breadth,  girth,  and  sail  area,  a  yacht  of 
Vanessa's  length  could  not  have  her  length  and  sail  area  increased  without 
being  taxed,  and,  as  a  consequence,  there  is  not,  under  existing  rating  rules, 
an  advantage  in  increasing  displacement,  so  far  as  competitive  sailing  is 
concerned.  In  short,  any  rating  rule  which  in  any  way  imposes  a  tax  on 
sail  area  must  necessarily  also  impose  a  tax  on  displacement,  so  that  the 
body  to  be  driven  will  be  kept  as  small  as  possible. 

The  advantage  to  be  gained  under  certain  conditions  in  iu  creasing  the 
displacement  by  opening  the  spacing  between  the  water-lines  has  already 
been  explained ;  and  the  matter  of  increasing  the  displacement  by  spacing 
out  the  transverse  sections  can  now  be  considered.  Thus,  say  a  yacht 
of  45-4ft.  on  L.W.L.,  28*9  tons  displacement,  had  to  be  lengthened  out 
so  as  to  increase  her  displacement  to  35*5  tons,  and  retain  intact  the  breadth 
and  depth  and  the  areas  of  the  respective  cross  sections,  the  length  of  the  yacht 
would  have  to  be  increased  10*4ft.,  bringing  it  up  to  55'8ft.  The  nature  of 
the  increase  on  the  stability  which  could  be  expected  under  such  conditions 
is  explained  on  page  45,  assuming  that  the  vertical  position  of  the  centre  of 
gravity  remained  unchanged  by  a  re-arranged  ballast  plan.  Under  such 
conditions  the  stability  would  admit  of  the  sail  spread  being  increased  from 
2641  sq.  ft.  to  3180  sq.  ft.  Of  course  an  increase  of  speed  would  be  looked 
for,  but  this  would  scarcely  be  realised  in  light  winds,  on  account  of  the 
large  addition  which  would  have  been  made  to  the  immersed  surface. 
The  wave-making  resistance  at  and  above  8  knots  would  be  less,  and  the 
yacht  could  be  driven  on  to  a  higher  speed  before  the  wave-making  became 
very  formidable  (see  page  145).  It  can  thus  be  seen  that  to  attempt  to 
calculate  the  sail  spread  from  D*  alone  (see  page  154)  for  an  increase  of 
displacement  by  lengthening  as  described  might  be  very  misleading,  even 


158  Yacht  Architecture. 


ia  vessels  which  have  curves  of  displacement  of  a  similar  character  if  the 
area  scales  of  the  curves  vary. 

Beyond  what  has  been  said  as  to  the  advantages  or  disadvantages  of 
lengthening  as  just  explained^  the  fact  must  not  be  overlooked  that  the 
rating  of  the  yacht  would  be  increased  by  nearly  40  per  cent. 

In  the  case  of  a  steam  yacht  of  45'4ft.  L.W.L.,  with  power  to  drive 
her  8  knots,  no  increase  of  speed  could  be  expected  by  increasing  the 
spacing  between  the  sectional  areas,  for  the  same  indicated  horse  power ; 
in  fact,  there  probably  would  be  a  loss  of  speed  on  account  of  the  large 
additions  made  to  the  immersed  surface  and  displacement ;  but  if  it  were 
contemplated  to  drive  the  yacht,  say  up  to  10  knots,  by  adding  to  her  steam 
power,  it  would  be  better  to  lengthen  her  by  increasing  the  spacing  and 
raising  the  displacement  from  28'9  tons  to  35'5  tons,  than  to  add  either  to 
her  depth  or  breadth ;  and  better  than  to  add  jointly  to  her  length,  breadth, 
and  depth,  so  as  to  make  the  required  addition  to  the  displacement,  for 
the  reason  that  the  wave-making  resistance  with  the  longer  vessel  would 
be  increasing  at  a  lower  power — ^perhaps  less  than  the  cube— of  the  speed 
due  to  the  longer  features,  which  were  implicated  in  making  the  waves. 

The  case  of  lengthening  toithout  increasing  the  displacement  has 
already  been  referred  to  (page  145). 

We  have  now  to  consider  the  question  of  raising  a  yacht's  displacement 
from  28*9  to  35*5  tons  by  increasing  all  the  dimensions  and  retaining  the 
form  of  the  sections,  and  consequently  the  form  or  character  of  the  curve 
of  areas.     The  new  dimensions  E  would  be  obtained  from 
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D  being  the  dimension  to  be  enlarged,  and  E  the  enlarged  dimension.  By 
this  equation  the  length  of  a  45'4ft.  yacht  would  be  increased  to  48'62ft. 

In  this  case  the  resistance  at  low  speeds,  say  4  to  5  knots,  would 
depend  upon  the  addition  made  to  the  immersed  surface,  and  the  canvas 
required  for  any  speed  would  be  determined  by  the  formula  on  page  98. 

For  unequal  speeds — say  the  speed  of  each  is  to  be  proportioned  to  the 
square  roots  of  their  dimensions,  then  the  resistances  will  be  as  the  cubes  of 
their  dimensions.*  If  their  full  speeds  are  to  be  8*42  knots  for  45*4ft.  length 
and  8'71  knots  for  the  enlarged  yacht,  then,  if  we  put  the  resistances  in 
terms  of  the  sail  spread  we  have  (see  also  page  101  for  sail  spread) 

.  Sail  spread  =  ?!%^  =  ^«^^  ^ «:??*)  =  3244 

That  is,  it  would  take  3244  sq.  ft.  sail  area  to  drive  the  enlarged  yacht 
*  See  Mr.  Fronde's  paper  in  the  Transactions  of  the  Institution  of  Naral  Arohiteota,  1874. 
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at  the  Uglier  speed  due  to  her  lengthy  assuming  the  wind  pressure  to  be 
constant.  This  of  course  does  not  take  into  account  any  extra  stiffness  whioh 
might  be  given  to  the  enlarged  yacht,  beyond  that  due  to  her  increased 
displacement  and  dimensions  (see  the  stability  calculations  farther  on). 

It  must  be  pointed  out  that  this  method  of  comparison  would  be 
inapplicable  for  yachts  of  greatly  varying  size.  For  instance,  a  45* 4ft. 
lengthened  to  84ft.,  with  the  beam  and  draught  increased  in  the  same 
proportion  as  the  length,  would  have  a  displacement  of  200  tons,  and  a 
.corresponding  sail  spread  of  16,600  sq.  ft. 

We  have  yet  to  consider  the  effect  of  introducing  a  parallel  length  of 
middle  body  on  the  growth  of  the  resistance. 

Mr.  Proude  says  that  alterations  of  the  character  of  the  curv^e  of  areas 
so  far  as  it  partakes  of  the  nature  of  introducing  a  parallel  middle  body, 
the  total  length  being  increased  by  the  amount  of  quasi-parallel  body 
introduced  will  have  the  effect  of  emphasising  the  hump  in  the  curve  and 
bringing  to  light  other  humps  at  higher  speeds  (see  Fig.  88) ;  and  the 
position  of  all  these  humps  in  the  speed  scale  will  depend  on  the  equivalent 
or  effective  length  or  parallel  middle  body. 

It  is  a  part  of  the  wave-line  theory  already  referred  to  that  between 
a  given  wave-formed  bow  and  stern  any  reasonable  length  of  parallel 
middle  body  could  be  introduced  without  affecting  the  resistance  further 
than  that  due  to  an  increase  of  skin  friction  and  displacement;  but  it 
will  be  shown  that  this  is  by  no  means  an  exhaustive  view  of  the  effect 
of  middle  body  on  resistance,  and  we  will  briefly  recount  the  results  of 
Mr.  Proude's  experiments  in  that  direction,  the  bow  and  stern  remaining 
the  same. 
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The  total  resistances  of  these  models,  with  varying  lengths  of  middle 
body,*  were  as  shown  in  the  diagram  Fig.  92.  It  will  be  seen  that  up  to 
eleven  knots,  adding  to  the  length  of  body  adds  to  the  resistance  in  an 
almost  constant  ratio ;  but  at  speeds  above  eleven  knots  the  vessel  with 
40ft.  inserted  shows  a  rapid  growth  of  resistance,  and  just  past  twelve 
knots  crosses  the  curve  of  the  ship  which  has  80ft.  of  middle  body. 

Above  fourteen  knots  the  vessel  which   has    120ft.  of  middle  body 

*  By  '*  length  of  middle  body "  is  meant  that  for  a  oertain  distance  amidships  the  cross 
sections  are  exactly  alike,  and  not  merely  that  the  load  water-line  shows  a  straightness  or  flatness 
amidships. 
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begins  to  come  down  in  growth  of  resistance,  and  at  fifteen  and  a  lialf 
knots  her  total  resistance  would  probably  only  equal  that  of  the  160ft.  ship, 
which  has  no  parallel  length  of  middle  body  at  all. 


Pig.  92. 


It  was  certainly  a  most  extraordinary  discovery  to  make,  that  at  some 
higher  speed  a  ship  2383  tons  displacement  should  have  actually  a  smaller 


resistance  than  one  of  1814  tons  displacement,  although  the  ends  of  each 
were  exactly  alike.  It  is  curious  to  note,  too,  how  the  resistance  curves  of 
these  two  ships  (see  200ft.  and  240ft.  in  the  diagram)  cross  each  other  again 
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after  reacMng  fourteen  knots,  their  resistances  being  actually  equal  at 
12'3  knots  and  14*2  knots.  A  still  more  striking  feature  is  the  fact  that 
the  ship  of  280ft.  length  and  2952  tons  displacement  has  only  the  same 
resistance  as  the  200ft.  ship  of  1814  tons  displacement  at  13*3  knots,  and 
at  14'5  knots  has  lowest  resistance  of  all,  excepting  the  160ft.  ship,  which 
has  no  parallel  length  of  middle  body. 

To  account  for  these  peculiarities,  Mr.  Froude  eliminated  from  each 
model  the  resistance  due  to  surface  friction,  and  produced  curves  of  the 
resistance  which  remained,  which  he  termed  ^^  residuary  resistance.''  This 
resistance  was  of  course  due  to  wave  making,  and  the  curves  formed  for 
the  resistance  at  different  speeds  are  shown  in  Fig.  93.  It  will  be  seen 
how  small  is  the  resistance  of  the  280ft.  ship,  with  120ft.  length  of  straight 
middle  body,  compared  with  the  200ft.  ship  with  only  40ft.  of  middle  body. 
This  advantage  was  not,  however,  maintained  if  another  40ft.  were  added ; 
but  reappeared  (at  a  higher  speed)  if  yet  another  40ft.  were  added,  making 
the  ship  360ft.  long. 

From  a  series  of  observations  made  on  the  models  when  running  at 
varying  speeds,  Mr.  Froude  was  able  to  measure  and  trace  the  positions  of 
the  transverse  waves  relative  to  the  side  of  the  ship  for  each  speed  and 
each  length  of  middle  body.  He  found  that  a  series  of  crests  occurred  at 
successive  distances  from  the  bow,  with  troughs  between  them,  as  explained 
on  page  130.  A  general  conclusion  was,  that  a  speed  which  caused  a  wave 
trough  about  the  mid  length  of  the  after  body  had  an  accession  of 
resistance,  and  a  wave  crest  at  the  same  point  brought  about  a  decrease 

in    the    growth   of    the   resistance,   as   there   was    then    an    increase  of 

what    Mr.   Froude    termed   ^^  quasi    hydrostatic    pressure ''    against    the 

after  body. 

This,  however,  was  only  a  general  conclusion,  and  the  effect  of  the 

combined  action  of  transverse  waves  and  stern  waves  in  varying  the  growth 

of  resistance  will  be  found  referred  to  on  page  152. 

The  foregoing  experiments  will  be  more  useful  by  way  of  comparison, 

if  the   vessels  are  reduced  to  sizes  appropriate  for  yachts,  which  can  be 

done  by  taking  one-fourth  the  dimensions ;  the  lengths  of  the  yachts  and 

their  displa<;ements  will  thea  be  as  follows : 
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The  corresponding  speeds  for  the  resistances  shown  on  Figs.  92  and 
93  will  be 


For  Ship 

Knott 

9 

10 

11 

12 

13 

14 

15 

ForTaoht  .... 

KiiotB 

4-5 

50 

5-5 

6-0 

6-5 

70 

7-5 

Or  take  yachts  half  the  dimensions  of  the  ships  ; 
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The  corresponding  speeds   for    the   resistances   (Figs.   92   and  93) 
will  be 


For  Ship Knott 

9 

10 

11 

12 
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7-1 

7-8 

8-6 

9-8 

10 

10-7 

From  the  foregoing  it  can  be  inferred  that  if  a  desire  existed  to 
lengthen  an  80ft.  steam  yacht,  it  would  be  more  economical,  so  far  as 
engine  power  goes,  to  put  40ft.  or  60ft.  into  the  middle  of  her  rather  than 
20ft.  if  the  yacht  had  to  be  driven  at  any  speed  a  little  above  8*6  knots  (see 
B  curve.  Figs.  92  and  98) ;  but  the  resistance  begins  to  fall  again  after 
10  knots  are  reached  for  the  yacht  with  20ft.  inserted.  In  connection 
with  this  matter  it  is  worthy  of  note  that  the  Xantha  steam  yacht,  of  105ft. 
length  on  load  water  line,  was  lengthened  amidships  20ft.,  and  the  speed 
only  fell  from  1 1*8  to  11  "2  knots,  with  exactly  the  same  engine  power. 

These  comparisons  will  be  pretty  exact  so  long  as  the  dimensions  of 
bow  and  stem  and  middle-body  are  proportioned  to  those  given,  no  matter 
what  the  form,  and  in  a  general  way  the  character  of  the  curves  will 
answer  for  proportion  and  displacements. 


CHAPTER   IX. 
RESISTANCE  EXPERIMENTS  WITH  MODELS. 


A  GREAT  many  attempts  had  been  from  time  to  time  made  with  models 
with  a  view  of  determining  the  form  of  least  resistance,  but  as  the  models 
were  seldom  of  "  ship-shape  form/'  and  as  their  speeds  were  made  to  com- 
pare directly  with  the  speeds  of  the  ship,  the  results  obtained  were  quite 
useless.  To  the  late  Mr.  William  Fronde  the  credit  is  due  of  discovering 
the  law  for  comparing  the  speed  of  a  ship  with  that  of  her  model.  The 
discovery  made  by  Mr.  Scott  Bussell  that  a  vessel  could  be  driven  at  a 
speed  equal  to  the  square  root  of  the  total  length  of  bow  and  stern  without 
undue  wave-making  resistance  indicated  that,  to  render  model  experiments 
of  value,  the  speed  of  the  model  should  be  suitable  to  her  length ;  she 
would  then  have  similar  wave-making  characteristics  or  configuration  to 
the  ahip,  and  the  resistances  would  be  comparable.  Mr.  Froude  proved 
that  this  was  actually  the  true  state  of  the  case  except  in  the  matter  of 
friction.  That  is,  to  compare  the  model  of  the  ship  with  that  of  the  ship 
itself,  the  model  must  only  make  the  speed  due  to  her  own  length ;  that  is 
to  say,  if  the  speed  of  the  ship  was  as  the  square  root  of  her  length,  that  of 
the  model  must  be  only  as  the  square  root  of  the  model's  length ;  and  for 
other  speeds,  greater  or  smaller  than  the  square  root  of  the  length,  the 
corresponding  speed  would  be  as  the  square  root  of  the  scale  of  comparison. 
By  scale  of  comparisou  is  meant  the  proportion  the  model  in  dimensions 
bears  to  the  dimensions  of  the  ship.  If  the  length  of  the  ship  (L)  be  81ft. 
on  the  water-line,  and  the  model  (1)  3ft.,  then  the  model  will  be  ^  the 
dimensions  of  the  ship  (^^  =  ^  =  27),  and  this  will  be  the  scale  of  com- 
parison. Next,  if  the  model  is  timed  to  make  a  speed  at  the  rate  of  say 
2'25  knots  an  hour,  then  the  speed  of  the  ship  {8)  will  be  found  by 
multiplying  the  speed  of  the  model,  8  (2*25  knots),  by  the  square  root  of 
the  scale  of  comparison. 

S=/\/jX8  =  /\/jX  2-25  =  5-2  X  2-25  =  11-7  knots. 

(The  square  root  of  27  is  5-2,  and  2*25  multiplied  by  5*2  =  11-7  knots.) 

M  2 
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Thus,  if  it  were  sought  to  ascertain  which  of  several  models  compared  the 
most  advantageously  in  point  of  resistance  at  some  given  speed  for  the 
ship,  say  11*7  knots,  they  must  be  towed  at  the  "corresponding  speed/' 
which  it  will  be  seen  would  be  2*25  knots  in  this  case.  (The  speed  for  the 
model  would  be  found  by  dividing  the  speed  of  the  ship  by  the  square  root 

11*7 

of  the  scale  of  comparison.     -^  =  2*25  knots). 

The  actual  resistance  of  a  ship  in  pounds  can  also  be  computed  from 
the  resistance  of  her  model,  although  the  calculation  is  likely  to  involve 
considerable  error  in  consequence  of  the  variation  in  the  intensity  of  the 
surface  friction  for  different  lengths  in  spite  of  a  correction  for  surface 
friction.     The  smaller  the  model  the  greater  the  error  is  likely  to  be. 

The  resistance  of  the  ship  to  that  of  the  model  will  be  as  the  cube 
of  the  scale  of  comparison.  Thus,  assuming  the  model  to  be  on  a  scale 
^  that  of  the  ship,  the  cube  of  9  is  729 ;  therefore  the  resistance  of  the 
ship  for  any  speed  will  be  729  times  the  resistance  of  the  model  at  the 
''corresponding  speed.''* 

For  example,  assume  that  a  model  ^  the  dimensions  of  the  Sappho  be 
made,  the  length  of  such  model  would  be  13'5ft.  Next  assume  that  at  a 
speed  of  3  knots  it  was  ascertained  by  experiment  that  the  resistance  of  such 
a  model  was  61b. ;  then  the  speed  of  the  Sappho  for  the  "  corresponding 
speed"  of  9  knots  would  be  61b.  x  729,  or  43741b. 

But,  inasmuch  as  the  mean  value  of  the  surface  friction  decreases  in 
proportion  as  the  length  is  increased,  a  correction  has  to  be  made  to  arrive 
at  the  a/itual  resistance  of  the  ship  (see  page  119). 

The  resistance  for  varnish  on  a  surface  which  has  a  length  of  13ft.  in 
the  direction  of  motion  is  0*31b.  per  square  foot,  and  the  resistance  varies 
as  the  1*84  power  of  the  speed. 

The  resistance  for  copper  on  lengths  of  100ft.  and  upwards  is  0*251b. 
per  square  foot  of  surface. 

The  immersed  surface  of  the  Sappho  is  3790  square  feet;  so  her 
surface  resistance  due  to  skin  friction  at  6  knots  will  be  3790  square 
feet  X  0*251b.  =  9471b.  The  resistance  due  to  sur&ce  friction  at  9  knots 
will  have  increased  as  the  1*84  power  of  the  speed.t 

The   1-84  power  of   6  is  27,  and  the  1*84  power  of  9  is  57 ;   then 

047  V  57 

— 5= —  =  19991b.,  the  resistance  due  to  surface  friction  at  9  knots. 

*  See  Mr.  Fronde's  report  to  the  Admiralty  on  the  Gtejhound  experiments,  published  in 
En^giMering^  "Maj  1, 1874. 

t  The  1*84  power,  or  any  power,  of  nmnbera  are  thus  obtained :  Say  the  speed  is  6  knots 
then  the  logarithm  of  6  is  0*778151,  which,  multiplied  by  1*84,  equals  1'4817,  which  ie  the 
logarithm  of  27,  and  27  is  the  1*84  power  of  6.  In  like  manner  the  1*84  power  of  other  numbers 
or  speeds  wiU  be  computed. 
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The  surface  friction  of  the  model  at  the  "  corresponding  speeds  " 
woald  be  ascertained  by  accurately  measuring  its  immersed  surface.  In 
this  case,  as  we  know  the  surface  of  Sappho,  that  of  her  model  can  be 
readily  computed  thus :  — '^^'soai  ^°'  ^^  That  is,  the  immersed  surface 
is  divided  by  the  square  of  the  scale  of  comparison.  The  Sappho  is  nine 
times  the   size   of  the   model,   and  9  x  9  =  81,   therefore  the  immersed 

surface  of  the  model  in  square  feet  will  be  -^  =  46*8  sq.  ft. 

The  resistance  for  clean  varnish  on  a  surface  13ft.  in  length  is 
equal  to  O'Slb.  per  square  foot  at  a  speed  of  6  knots;  therefore  the 
resistance  for  surface  friction  of  the  Sappho's  model  would  be  46*8  x  0*3 
=  141b.,  if  moved  at  6  knots;  but  the  "  corresponding  speed'*  of  the  model 
to  that  of  the  Sappho  is  3  knots,  and  the  frictional  resistance  due  to  that 
speed  will  show  a  decrease  as  the  1*84  power  of  the  speed.  The  1*84  power 
of  6  is  27,  and  the  1*84  power  of  3  is  7*5 ;  then  ^^\^  ^'^  =  3-881b.,  or  the 

resistance  of  the  model  due  to  surface  friction  at  a  speed  of  3  knots  is 
3-881b. 

The  resistance  for  the  ship  for  surface  friction  at  the  corresponding 
speed  of  9  knots  should  be  3-881b.  x  scale*  =  3-88  x  9»  =  8-88  x  729  = 
28281b.  But  we  have  already  calculated  that  the  resistance  of  the  ship  due 
to  this  cause  at  9  knots  is  19991b. ;  so  the  error  for  surface  friction  to  be 
read  off  from  the  total  resistance  (43741b.)  calculated  for  the  ship  from 
the  model  is  the  difference  2828  -  1999  =  8291b.  Then  43741b.  -  8291b. 
=r  34451b. ;  or  the  total  resistance  of  the  Sappho  deduced  from  her  model 
would  be  34451b.  at  a  speed  of  9  knots;  and  58  per  cent,  of  this 
resistance  would  be  due  to  surface  friction  alone.*  It  will  be  gathered 
from  the  foregoing  that  there  is  a  large  opening  for  error  in  attempting  to 
deduce  the  actual  resistance  of  a  ship  from  that  of  her  model;  but  for 
making  comparisons  between  models  such  experiments  are  of  great  value 
if  the  ''  corresponding  speed  "  be  observed. 

The  resistance  at  various  speeds  can  be  graphically  shown  by  a  curve. 
Ordinates  must  be  ruled  at  convenient  distances  at  right  angles  to  each 
other,  as  shown  in  Fig.  94.  Let  the  upright  ordinates  represent  the  speed, 
and  the  horizontal  lines  the  resistance  in  pounds.  Say  the  total  resistance 
for  the  model  is  61b.  at  a  speed  of  3  knots ;  this  resistance  represented 
in  length  will  be  set  off  on  the  ordinate  erected  for  that  speed.  Points 
on  the  other  ordinates  will  be  obtained  as  already  described,  and  when 
set  off  the  curve  of  resistance  A  A  for  the  model  can  be  swept  in.  (The 
curve  shown  is  an  imaginary  one,  the   points  for  the   ordinate   at   the 

*  It  most  be  nndentood  that  the  resistuioe  of  a  model  of  the  Sappho,  at  a  speed  of  8  kaete 
is  an  unmiption  introdnoed  to  ahow  how  the  oaloolatloiis  are  made. 
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3  knot  speed  were^  however,  calculated  from  the  assumption  that  the 
resistance  of  the  model  at  3  knots  would  be  61b.)  The  curve  B  B, 
shown  by  the  dotted  line,  represents  the  resistance  of  the  model  dae 
to  surface  friction  alone.  Then  the  surface  friction  for  the  ship  is 
obtained  as  already  described,  and  set  off  from  B  B  towards  D  D,  and 
not  from  the  base  0  0;  the  vertical  distance  between  the  curve  A  A 
and  the  curve  D  D  will  then  represent  the  actual  resistance  for  the 
ship.  If  the  experiment  be  made  in  fresh  water  the  resistance  will  have 
to  be  increased  for  salt  water  in  the  proportion  of  the  density  of  salt 
water  to  fresh. 

If  the  experiment  is  being  made  to  test  the  speed  of  a  trading  vessel 
it  is  incumbent  that  she  should  be  towed  at  various  angles  of  heel.     Any 


deductions  from  resistance  obtained  by  towing  the  model  in  upright 
positions  would  be  almost  valueless  excepting  for  sailing  before  the  wind. 

The  tank  in  which  the  experiments  are  made  should  be  at  least  100ft. 
long,  and  not  less  than  15ft.  broad.  The  model  should  be  towed  from  a 
light  carriage  made  to  run  on  rails  fitted  to  the  sides  of  the  tank.  The 
towing  line  would  be  attached  to  a  dynamometer  carried  on  the  carriage. 
The  speed  throughout  each  run  must  he  uniform. 

If  it  is  desired  to  get  the  actual  resistance  of  the  ship  in  pounds  from 
that  of  the  model,  the  model  should  be  at  least  8ft.  long ;  but  the  relative 
speeds  of  yachts  could  be  ascertained  from  their  models  of  smaller  size, 
providing  they  are  towed  at  the  '^ corresponding  speeds"  as  described. 


CHAPTER   X. 

THEORY  AND  PRACTICE ;  THE  FORE  BODY ; 
THE  AFTER  BODY. 


Ik  this  chapter  we  shall  endeavour  to  determine  the  extent  to  which 
theory  as  to  form  and  general  practice  as  to  form  agree.  Wave  lines 
closely  approximating  to  carves  of  versed  sines  have  usaally  appeared  in  the 
fore  body  of  English  and  American  yachts ;  but,  so  far  as  racing  yachts  are 
concerned,  they  gradually  disappeared  in  this  country  under  the  influence 
of  the  old  tonnage  rule,  which,  as  already  explained,  forced  designers  into 
constructing  extremely  narrow  sailing  yachts,  the  beam  in  many  cases  not 
being  more  than  '17  of  the  length,  or,  say,  one-sixth  the  length.  In  such 
narrow  yachts  the  angle  of  the  entrance  would  naturally  be  very  fine,  and 
for  that  reason  alone  required  no  assistance  from  wave  line  features  to  ease 
the  entrance.  Beyond  this,  hollow  lines  in  the  bow  of  very  narrow  vessels 
would  not  admit  of  sufficient  buoyancy  in  the  fore  end  for  good  performance 
in  rough  water,  and  for  that  reason  would  be  objectionable.  The  practice 
of  much  cutting  away  the  fore  foot  also  assisted  in  the  disappearance  of 
hollow  lines  in  the  entrance,  as  already  explained  on  page  147.  The 
practice  just  referred  to  still  prevails,  and  even  now  that  racing  yachts  are 
being  built  with  a  beam  ranging  from  '22  to  '32  of  the  length,  hollow  lines 
in  the  entrance  are  not  in  much  favour ;  if,  however,  a  yacht  is  given  a 
very  deep  fore  body  some  hollow  in  the  under  water-lines  would  be  in  most 
cases  indispensable. 

The  American  yacht  Sappho  (as  given  among  the  list  of  Plates) 
exhibits  in  a  very  striking  manner  a  yacht  built  in  accordance  with 
the  wave  line  theory.  The  relative  lengths  of  her  fore  and  after  body  are 
precisely  those  required  for  the  wave  line  theory ;  that  is  to  say,  the  fore 
body  is  one-third  longer  than  the  after  body.  The  curves  of  the  water 
lines  of  the  fore  body  approximate  very  closely  to  curves  of  versed  sines ; 
and  the  curves  of  the  water  lines  of  the  after  body  are  cycloidal  or 
trochoidal.    The  curve  of  the  load  water  line  in  the  fore  body  is  not  strictly 
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a  curve  of  versed  sines,  as  it  is  a  little  fuller.  But  the  second  water 
line  struck  two  feet  below  the  load  water  line  is  an  exact  curve  of 
versed  sines ;  and  in  a  like  manner  the  curved  outline  of  any  horizontal 
section  cut  off  any  distance  below  the  second  water  line  is  a  curve  of 
rersed  sines.  Thus,  it  can  be  taken  that  the  Sappho^s  fore  body  was 
modelled  according  to  the  requirements  of  the  wave  line  theory.  In 
the  after  body  the  load  water  line  is  cycloidal,  but  the  horizontal 
sections  struck  below  the  load  line  are  trochoidal;  and  the  curved 
outlines  of  the  vertical  longitudinal  sections  (shown  by  the  buttock  lines) 
are  parabolas. 

In  a  case  like  the  Sappho's  the  displacement  would  be  necessarily 
disposed  of  longitudinally  in  accord  with  the  wave  form  theory. 

There  has  not  been  such  a  thorough  example  of  the  wave  line  theory 
among  British  yachts,  but  the  Lulworth  (designed  and  built  in  1857  by  Mr. 
Joseph  Weld,  of  Lulworth  Castle)  bears  a  close  resemblance  to  that 
theory  in  her  water  lines,  and  she  was  probably  constructed  with  the 
intention  of  testing  its  value. 

So  far  as  the  '^  wave  form"  of  displacement  goes,  it  appears  that  it  has 
been  approximately  conformed  to  since  the  introduction  of  Mr.  Scott 
RusselPs  wave-line  theory,  as  to  carry  out  the  one,  even  in  a  modified 
degree,  almost  necessarily  involved  the  presence  of  the  other.  On  Plate  II. 
there  are  depicted  the  curves  of  sectional  areas  of  the  schooners,  Sappho, 
232  tons  displacement;  Livonia,  215  tons;  Cambria,  167  tons;  Egeria, 
142  tons;  and  cutters.  Bloodhound,  47  tons;  Lily,  13  tons;  Lulworth, 
63  tons.  The  displacement  curves  of  several  other  more  modem  yachts 
will  be  found  on  Plates  III.  and  IV.  In  these  exemplary  curves  the 
dotted  lines  show  the  true  wave  curve;  and  in  all  cases  4  per  cent,  is 
added  to  the  length  of  the  fore  body  and  4per  cent,  to  the  length  of  the 
after  body  before  dividing  the  line  into  the  necessary  interval  for  plotting 
the  curve.  This  is  done  to  dispose  of  the  extreme  fine  end  of  the  wave 
curve. 

It  will  be  seen  that  there  is  a  general  agreement  with  the  wave  curve, 
and  it  should  be  noted  that  the  majority  of  the  vessels,  at  least,  were 
designed  without  any  reference  to  the  wave-form  theory.  Most  of  the 
entrances  are  a  trifle  fuller  than  the  wave  form  prescribes,  and  some  have 
the  fulness  of  a  trochoid ;  but  this  fulness  is  not  apparent  in  modern  racing 
yachts.  The  fin-like  lead  keel,  bulky  in  its  mid  length  and  tapering  fore 
and  aft,  has  the  effect  of  adding  to  the  areas  of  the  midship  cross  sections; 
and  again  the  areas  of  the  sections  in  the  fore  part  and  in  the  stem  part 
are  diminished  by  the  upward  rake  of  the  keel  towards  the  stem  and  the 
great  rake  given  to  the  stem  post  aft ;  the  general  effect  on  the  curve  of 
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sections  is  that  it  is  finer  than  the  wave-form  theory  prescribes^  and  the 
vacht  concerned  appears  to  have  a  very  large  mid-section  and  fine  ends^ 
characteristics  which  were  regarded  as  highly  objectionable  a  few  years 
ago.  Bnt  the  fact  is,  that  the  ends  of  the  curve  of  displacement  are  only 
finer  because  a  useless  weight  of  solid  wood  has  been  trimmed  away  both 
forward  and  aft ;  and  the  bulky  lead  keel  fin,  whilst  destroying  the  beautiful 
symmetry  of  the  wave  curve,  compensates  for  its  defects  in  this  respect  by 
the  great  influence  it  has  on  stability.  In  the  case  of  a  vessel  like  the  30ft. 
linear  rating  yacht  Dolphin,  fitted  with  a  deep  fin-like  keel  amidships, 
the  effect  is,  although  the  keel  is  of  no  great  thickness,  to  produce  a 
kind  of  hump  on  the  back  of  the  curve  of  displacement ;  but  this  is  only  a 
more  pronounced  effect  of  the  influences  already  referred  to  as  having 
destroyed  the  symmetry  of  the  wave  curve.  If  the  fin-like  keel  were 
removed,  and  the  areas  of  the  sections  plotted  without  it,  the  curve 
would  become  an  almost  true  wave  curve. 

The  raking  keel  and  cutaway  fore  foot  are  features  which  existed 
centuries  ago,  and  are  to  be  met  with  in  old  drawings  of  ships.  George 
Steers  introduced  them  in  1851  in  the  famous  America  yacht ;  it  is  also  very 
apparent  in  the  Lulworth ;  and  it  was  carried  to  even  a  greater  extent  in 
the  Kitten,  built  by  Harvey  in  the  year  1852;  but  the  deep  fin,  or  bulb 
fin  keel,  was  not  in  vogue  until  1888. 

In  the  case  of  steam  yachts  there  is  a  very  considerable  departure 
from  the  wave-line  and  wave-form  theory,  although  some  have  been  made 
to  accord  with  it  very  closely.  Notable  examples  of  the  latter  are  the 
March esa,  Xantha,  Amazon,  Fair  Geraldine,  Linotte,  Speedy,  Fanvette, 
and  Oriental.  It  should,  however,  be  borne  in  mind  that  many  steam 
yachts  have  in  a  varying  degree  the  length  of  parallel  side  referred 
to  on  pagds  159  and  162;  it  would  therefore  in  some  cases  be  a 
more  trustworthy  test  to  only  take  the  bow  end  and  stem  end  for 
exemplifying  the  displacement  curve.  Still,  there  cannot  be  a  question 
that  those  steam  yachts  are  most  favourably  formed  for  speed  which  have 
practically  no  straight  length  of  middle  body,  and  whose  curves  of  sectional 
areas  closely  accord  with  the  wave  form.  There  may,  of  course,  be 
sjveral  urgent  reasons  for  not  adopting  such  a  form — such,  for  instance,  as 
in  a  vessel  of  limited  draught,  where  the  necessary  displacement  could  only 
be  obtained  by  the  fulness  being  carried  fore  and  aft  into  the  ends  to 
obtain  the  required  displacement;  or  for  a  shallow  vessel, 'with  a  very 
heavy  top,  intended  to  work  in  a  short  steep  sea.  The  placing  of  the 
machinery  either  very  far  forward  or  very  far  aft  might  also  of  necessity 
influence  the  form  given  to  the  displacement.  Again,  it  might  be 
necessary   to   give  the   vessel   great   stowage   room   for   coal    for  ocean 
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voyages,  and  this  could  not  very  well  be  provided  except  in  the 
middle  part  of  the  length.  Also,  if  the  vessel  is  very  long  in 
proportion  to  her  breadth  and  depth,  it  would  probably  be  necessaiy 
that  she  should  have  some  straight  length  of  middle  body  to  obtain  the 
required  displacement.  When,  however,  there  is  no  object  in  restricting 
depth,  there  would  be  an  advantage,  both  for  speed  and  seaworthiness,  by 
having  a  somewhat  deeper  middle  body  with  less  length  of  parallel  side. 

The  steam  yacht  Linotte  illustrates  a  moderate  departure  from  the 
wave-form  in  general  fulness  in  the  fore  body.  In  her  case  a  given 
displacement  had  to  be  provided  within  certain  dimensions  and  limitation 
of  draught  of  water ;  and,  so  far  as  the  fore  body  is  concerned,  it  would 
appear,  judging  from  the  example  of  Linotte,  that  the  fulness  in  the  fore 
body  is  no  great  detriment  provided  the  sections  are  not  deep  and  if  the 
after  body  is  well  formed,  as  she  proved  to  be  exceptionally  fast  with  a 
moderate  power. 

It  will  be  well  now  to  examine  the  processes  which  have  led  the 
designers  of  yachts  into  such  a  generally  uniform  result  with  regard  to 
the  fore  and  aft  disposition  of  the-  displa^cement.  The  simplest  plan  to 
achieve  this  will  be  to  follow  as  closely  as  possible  the  process  of 
construction,  commencing  with  the  body. 

The  Poee  Body. 

In  considering  the  fore  body,  it  will  be  necessary  to  first  determine 
its  length.  The  position  of  the  midship  section  practically  determines 
the  relative  lengths  of  the  fore  and  after  body;  but  there  appears  to 
be  no  common  practice  in  appointing  that  position.  The  case  of  the 
Sappho  is  the  nearest  approach  to  the  wave  form  theory  proportion,  and 
there  are  several  approximate  examples  before  us,  such  as  the  Arrow, 
Audrey,  Isolde,  and  Kismet,  come  next  in  the  examples  given.  We 
cannot,  however,  shut  our  eyes  to  the  fact  that  equally  successful  craft 
in  their  way,  such  as  Penitent,  Florinda,  and  Vanduara,  are  very  much 
under  that  proportion.  It  would,  therefore,  appear  to  be  some  foundation 
for  the  statement,  a  general  result  from  experience,  that  it  is  more 
important  that  the  after  body  should  be  of  the  length  stipulated  for  any 
required  speed,  than  that  the  fore  body  should.  It  does  not  follow, 
however,  that  no  improvement  in  speed  would  accrue  if  the  fore  body 
were  also  of  the  stipulated  length. 

In  the  following  table  the  proportionate  length  of  fore  body  to  length 

of  load  line  in  several  well-known  vessels  is  set  forth.      j-^^j^  ■  =  the 
proportional  length  of  the  fore  body  to  the  length  of  load  line.    The  length 
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of  after  body  will  be  the  complement  of  the  fractions  representing  the 
length  of  the  fore  body. 


Nune  of  Yafiht. 


Wave  length  theory    , 

Eriemhilda  (oatter) 

Miranda  (schooner) , 

Dolphin  (2'5-rater) 

Floiinda  (yawl)    , 

Lily  (lO-tons  ontter) 

Vandoara  (cntter)    , 

Genesta  (cntter)  

Vanessa  (20-tonS|  oatter) 

Constance  (yawl) 

Neptune  (lO-tons)    

Aline  (schooner)  

livonia  (schooner)  

Latona  (yawl)  

Minerva  (21-rater,  oatter) 

Esfena  (schooner)     

aamcema  (cntter) 

Arrow  (cutter) 


I'" 


•600 
•523 
•533 
•533 
•535 
•538 
•548 
•540 
•550 
•554 
•557 
•560 
•560 
•562 
•562 
•564 
•569 
•570 


Name  of  Yacht. 


Qhost  (20-rater,  oatter)  

Yolonteer  (American  oatter) . . 

Sleathhoond  (40-tonner) 

Mayflower  (American  oatter).. 
Sappho  (American  schooner)  .. 

Isolde  (65ft.  rating),  1895 

Penitent  (52ft.  rating),  1896  .. 
Stephanie  (52ft.  rating),  1894 
Andrey  (52ft.  rating),  1896  ., 
Kismet  (18ft.  rating),  1896   .. 

Marohesa  (s.t.)* 

Capercailzie  (8.T.)   

Oriental  (s.t.) 

Linotte  (s.T.)   

Queen  Marfisa  (s.t.)    

Amazon  (s.t.)  

Chazalie  (8.T.)  

Fair  Geialdine  (8.T.)  


^  ti 


•574 
•581 
•583 
•585 
•590 
•566 
•540 
•558 
•577 
•589 
•486 
•500 
•504 
•509 
•492 
•512 
•526 
•529 


*  In  the  case  of  steam  yachts  the  extreme  length  to  onter  stem  post  is  reckoned. 

From  this  table  it  would  appear  that  the  proportion  of  length  of  fore 
body  to  total  length  of  load  line  should  be  about  '55 ;  or,  in  other  words, 
that  the  position  of  the  mid-section  should  be  about  '05  of  the  length  of 
load  line  abaft  the  centre  of  length.  If  the  length  of  load  line  is  80ft.,  then 
80  X  '05  =  4ft.,  the  distance  the  mid-section  is  to  be  abaft  the  centre  of 
length. 

In  yachts  the  general  practice  is  to  place  the  greatest  breadth  of  the 
load  water-line  abaft  the  position  of  what  is  known  as  the  mid-section  ;  a 
larger  and  finer  entrance  at  the  surface  is  thereby  obtained,  and  the 
resistance  from  the  diverging  bow  wave  is  somewhat  modified.  This 
practice  has  a  striking  example  in  the  case  of  the  Isolde,  Neptune,  and 
Minerva,  designed  by  Mr.  Fife,  and  will  be  again  referred  to. 

With  regard  to  the  form  of  the  water  lines,  it  has  already  been 
pointed  out  that  they  are  usually  much  fuller  than  the  wave  line  theory 
prescribes,  especially  near  the  load  water  plane;  and  it  must  always  be 
borne  in  mind  that  the  greater  the  area  of  load  water  plane  in  com- 
parison to  the  area  of  the  lower  water  lines,  the  higher  the  meta-centre 
will  be,  and  the  greater  the  stability  for  any  given  weight  and  position  of 
weights. 

The  dividing  ordinate  at  No.  4  station  (Fig.  95)  can  be  taken  as  a 
rongh   test  of  the  coefficient  of   fineness  for  the  fore  part   of  the   load 
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water-line ;  in  a  curve  of  versed  sines  it  is  '5  (see  page  122)  :  but 
in  no  yacht  which  we  have  had  the  opportunity  of  examining  has  the  co- 
efficient been  as  low  as  '5,  but  ranges  from  '583  to  '74.  In  diflferent  vessels 
the  ratio  of  the  length  of  the  dividing  ordinate,  a  a  (Fig.  95),  to  the  length 
of  the  ordinate  at  the  greatest  half  breadth  wherever  found,  A  C,  on  the 
load  water-line  is  as  follows  in  the  table  (j^) 


Name  of  Yacht. 

Value  of 
a  a. 

Name  of  Yacht 

Value  of 

Sappho  (American  schooner) 

Volunteer  (American  cutter) 

Mi«flTVft  (21  -rflrtrftr)        

•588 
•628 
•650 
•656 
•657 
•660 
•660 
•660 
•660 
■661 
•661 
•662 
•663 
•663 
•663 
•666 
666 
•666 
•666 
•670 
•670 
•671 
•673 
•676 

Alirie  (fiohooner) 

•677 

Lenore  (yawl)  

Neptune  (10-tons,  cutter)  

Boadicea  (schooner)    

FlT«ina  (schooner) 

•682 
•696 

Kose  of  Devon  (yawl) 

•700 

Milly  (onttw)    ...     ,                  

•700 

Constance  (yawl) 

Hildegarde  (schooner)     

KriemhUda  (cutter) 

•700 

Bloodhound  (cutter)    

Florinda  (yawl)    

•700 

Sleuthhound  (cutter)  

•700 

Flying  Cloud  (schooner) 

Livonia  (schooner) 

•705 

Miranda  (schooner) 

Isolde  (65ft.  ratinir),  1895     

•736 

Freda  (20-tons,  cutter)    

Stephanie  (52ft.  rating),  1894    

Audrey  (52ft.  rating),  1896    

Kismet  (18ft.  rating),  1896    

•720 

Fiona  (cuttf>r) ., 

•730 

•780 

Butterfly  (cutter) 

Wenonah  (Herreshoff),  1891 

•687 

Vanessa  (cutter) 

YHntha  (»?.T  )          

•650 

Britannia  (cutter) 

Amazon  (s.T.)  

Chaealie  (8.T.) 

Capercailzie  (s.T.)* 

•657 

Egeria  (schooner) 

•662 

Dolphin  (30ft.  rater)    

•700 

Mosqtiito  (cutter)    

Chazalie  (8.T.) 

Queen  of  Palmyra  (b.t.) 

Marchefla  (b.t.)    

•700 

T^topa  (ya^l)    

•740 

Saraband  ( 10-tons,  cutter) 

•750 

Sea  Belle  (schooner)    

Oriental  (b.t.) 

Capercailzie  (b.t.)    

•757 

Ghost  (20-rater)  

•765 

Mascotte  (8-tons,  cutter)    

Fair  Qeraldine  (s.T.)   

•856 

*  This  is  taking  A  C  12ft.  farther  ahead,  thus  allowing  for  24ft.  straight  of  breadth. 

In  Fig.  95  let  A  B  be  the  length  of  the  fore  part  of  the  load  water-line, 
from  the  greatest  half  breadth  on  the  L.W.L.  to  the  extreme  fore  end  of  the 
stem  j  A  C  will  be  the  greatest  half  breadth  at  right  angles  to  A  B.     The 
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dividing  ordinate  will  be  at  a  a,  midway  between  A  B.  Prom  the  foregoing 
data  it  would  seem  that  '70  according  to  the  latest  type  of  yacht  is  a 
good  ratio    for    this    dividing  ordinate.       Any  one  practised  in  yacht 
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/  designing  could  easily  sweep  in  a  suitable  curve  for  the  fore  part  of  the 
load  water-line^  with  the  two  ordinates  given,  but  it  will  be  useful  to  more 
minutely  define  the  usual  character  of  the  curve.  The  following  factors  for 
Buch  a  curve  were  computed  by  the  author  in  1875  as  fairly  exemplifying 
the  practice  at  that  date,  and  it  has  been  generally  followed  since. 
Divide  the  length  A  B  (Fig.  95)  into  eight  eqiMl  intervals  as  numbered, 
0^  1,  2,  8,  4,  5,  6,  7,  8,  then  the  factors  for  computing  the  lengths  of  the 
ordinates  will  be : 


0 

1 

1 

2 

3 

4 

6 

6 

7 

8 

1 

.  -0000 

•1500 

•3200 

•5000 

•6700 

•8125 

•9188 

•9833 

10000 

That  is,  suppose  the  length  of  the  ordinate  at  8  (the  greatest  half  breadth) 
to  be  12ft.;  then  the  length  of  the  ordinate  at  7  will  be  12  x  -9833  =  11-80, 
and  so  on,  as  set  forth  in  the  annexed  table. 

Oreatest  MnitiYiifA*.  Length 

hAlf  breadth.  Mnltipliew.  ofOrdlSatea. 

8 12ft  X  1-0000  =  1200ft. 

7 12ft.  X  -9833  «  ll-SOft. 

6 12ft.  X  ^9183  =  1101ft. 

5 12ft.  X  ^8125  =  9-75ft. 

4 12ft.  X  ^6700  =  804ft. 

3 12ft.  X  •SOOO  =  600ft. 

2 12ft.  X  8200  =  3-84ft. 

1 12ft.  X  -1500  =  l-SOft. 

0 12ft.  X  •OOOO  =  000ft. 

The  coefficient  of  such  an  area  will  be  '608 ;  thus  the  area  will  be  the 
greatest  half  breadth,  A  C,  multiplied  by  A  B,  multiplied  by  coefficient ;  or, 

AC  X  AB  X  •eOS  »  12  X  40  X  '60%  -  291  aq.  ft.  (40ft.  being  the  assumed  length  A  B). 

The  particular  form  of  curve  which  these  factors  would  generate  is  not 
put  forward  as  absolutely  the  best  that  could  be  devised,  but  only  as  fairly 
representing  common  practice  in  vessels  of  from  four  to  five  beams  in 
length. 

In  the  table  which  follows  over  leaf,  the  factors  for  computing  the 
ordinates  of  the  fore  part  of  the  load  line  in  a  few  well-known  vessels 
are  given,  assuming  the  line  to  be  divided  into  eight  equal  intervals. 
The  factors  were  found  by  dividing  the  ordinates  1,  2,  3,  &c.,  by  the 
greatest  ordinate  A  B. 

This  table  shows  how  practice  varies  with  variations  of  beam.  No.  4 
column  representing  the  dividing  ordinate  at  the  mid-length,  as  given  in 
the  table  on  page  172.  This  table  on  page  172  will  be  in  ordinary  practice 
a  sufficient  guide  when  the  variation  in  proportions  of  beam  to  length  is 
much  about  the  same  as  that  found  in  the  yachts  in  the  table  on  page  174. 
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Factors  fob  Comfutino  Obdii^atss  fob  the  Fobk  Pabt  of  thb  L.W.L. 


Broadth 


Length. 


Exemplar  oarve,  p.  168 

Aline  (achooner) 

Vol-au-Vent  (cutter)... 
Kriemhilds' (ontter)   ... 

Florinda  (yawl) 

Neptiine(10-ton8,oiitter) 

Jnllanar  (jawl)  

Miranda  (sohooner)    ... 

Lenore  (yawl) 

Gtonesta  (ontter) 

Ghost  (20  rater) 

Dolphin  (2-5  rater)  ... 
Minerva  (21  rating)  ... 
Volunteer  (American).. 
Audrey   (cutter),   1896 


•000 
•207 
•217 
•220 
•228 
•190 
•168 
•219 
•192 
•185 
•217 
•290 
•260 
•267 


0 

stem. 


•0000 
•0000 
■0000 
•0000 
•0000 
•0000 
•0000 
•0000 
•0000 
•0000 
•0000 
•0000 
•0000 
•0000 
•0000 


1500 
1581 
1350 
1620 
1562 
1800 
2160 
1777 
1800 
1530 
1770 
1600 
1600 
1471 


•3200 
•3253 
•3255 
•3333 
'3230 
•3575 
•4160 
•3330 
•3640 
•3200 
•3540 
•3343 
•3300 
•2941 
•4206 


•5000 
•5063 
•5230 
•5170 
•4960 
•5303 
•5950 
•5022 
•5400 
•4933 
•5232 
•5000 
•5030 
■4706 
•5825 


4 

a  a 


6700 
•6773 
•7070 
•7000 
•6600 
•6960 
•7260 
•6610 
•7000 
•6600 
•6780 
•6660 
•6504 
•6235 
•7222 


•8125 
•8113 
•8553 
•8382 
•8020 
•8242 
•8830 
•8000 
•8300 
•8000 
•8100 
•8000 
•7952 
•7706 
•8254 


■9183 
•9178 
■9476 
•9333 
-9104 
•9180 


•9080 
•9300 
■9000 
•9100 
-8943 
•9000 
•8824 
•9127 


•9838 
•9810 
•9833 
•9842 
•9748 
•9850 
•9760 
•9800 
•9800 
•9600 
•9800 
•9643 
•9650 
•9647 


l^OOOO 
10000 
1^0000 
l^OOOO 
1-0000 
1-0000 
1^0000 
1^0000 
10000 
1-0000 
10000 
1-0000 
1-0000 
1-0000 
1^0000 


It  will  be  observed  that  there  is  a  considerable  divergence  in  the  forms 
of  the  curves.  The  coeflScient  of  fineness,  or,  in  other  words,  the  ratio 
of  the  area  to  the  circnmscribing  parallelogram  is  approximately  the  same 
all  through  in  the  fore  part  of  the  L.W.L.,  and  equals  '608  in  nearly  all  the 
cases  cited  -,  but  the  case  of  Audrey  illustrates  the  fulness  which  can  be 

Cr 
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successfully  given  to  a  vessel  of  comparatively  shallow  form.  Numerous 
examples  of  this  will  be  found  amongst  the  plates.  It  will  be  observed 
how  closely  the  curve  of  Audrey's  load  line  forward  agrees  with  the 
JuUanar's  curve,  the  Jullanar  representing  the  extremest  of  narrow 
yachts.  The  curves,  which  are  finest  at  the  fore  end,  are  generally  the 
fullest  at  the  end  next  the  midship  section.  The  Aline's  and  Miranda's  are 
good  examples  of  curves  with  a  gentle  contrary  flexure,  such  as  seems 
suitable  to  a  vessel  of  4  or  4^  beams  to  length,  and  closely  resemble  the 
factors  given  in  the  Exemplar  curve.  The  Vol-au-Vent  is  a  fair  example 
of  a  wave  line.  It  will  appear  that  the  Florinda's  curve  is  almost  identical 
with  Genesta's,  and  both  closely  correspond  with  the  exemplar  curve  as 
computed  by  the  author  in  1875. 

The  form  of  the  water  lines  below  the  load  water-line  has  next  to 
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be  considered.  In  most  veBsels  the  curyes  of  these  lines  are  found  about 
equal  in  fulness  to  the  curve  of  the  load  water  line^  and  this  fulness  appears 
to  be  no  detriment  when  sailing  in  smooth  water  at  moderate  velocities^ 
and,  on  the  whole^  an  advantage  when  sailing  in  rough  water.  The  value 
of  a  d  (Fig.  96)  in  different  vessels  for  water  lines  below  the  load  water 
line  has  been  thus  computed :  the  depths  at  the  balance  ordinate  a  a 
(Fig.  95),  was  measured  from  and  at  right  angles  to  the  load  water  line, 
to  the  underside  of  keel;  at  half  this  depth  a  water-line  was  struck 
and  projected  on  the  half-breadth  plan.  Then  for  A  B  (Fig.  95)  we 
have  A  D  (Fig.  96)  the  length  of  this  particular  water-line  from  its 
greatest  half  breadth  to  its  extreme  fore  end ;  but  it  must  be  observed 
that  the  dividing  ordinate  a  d  does  not  occur  at  the  mid  length  of  this 
line,  but  at  a  a,  the  mid  length  of  A  B.  For  A  C  (Fig.  95)  we  have  A  E 
(Fig.  96)  for  the  half  breadth  of  the  midship  section  at  the  mid  depth 
below  the  load  water-line ;  then  the  value  of  a  d,  as  set  out  in  the  table, 

a  d 


for  this  dividing  ordinate  will  be  ^^^   ^^    i 


Kune  of  VeeseL 


Sappho  (Amerioan  sobooner)., 

Egeria  (sohooner) 

Arrow  (cutter) , 

Volunteer  (Amerioan  cntter). 

Vol-an-Vent  (ontter)  

Belnga  (cutter)    

Genesta  (ontter) 

Kriemhilda  (ontter)    

lona  (ontter)    

PUtymate  (ontter)    

Plorinda  (yawl)    

Keepsake  (ontter)    

Neptnne  (10-tons,  ontter)  .... 
Saraband  (lO-tons,  ontter) . . . . 

Cambria  (sohooner) 

Aline  (Bobooner)  

Fiona  (ontter) 

Latona(yawl)  

Milly  (ontter)  

Moaqnito  (ontter)    

Bloodbonnd  (ontter)    

Gwendolin  (sobooner) 

Lily  (10-tons,  ontter)  ...  


Valne  of 
ad. 


•45 
•45 
•45 
•46 
•48 
•50 
•50 
•50 
•50 
•50 
•51 
•51 
•51 
•51 
•52 
•53 
•53 
•53 
•53 
•53 
•54 
•54 
■54 


Name  of  Vessel. 


Vanessa  (ontter) 

Miranda  (sobooner) 

Butterfly  (ontter)     

LiYonia  (sobooner)  

Slentbbonnd  (ontter)  .. 

Elmina  (sobooner)   

Freda  (20,  cutter)    

Masootte  (ontter)    

Lenore  (yawl)  

Oonstanoe  (yawl) 

Hildegarde  (sobooner).. 

Bolpbin  (2^5-rater) 

Minerva  (21 -rater) 

Sea  BeUe  (schooner)    ., 

Gbost  (20-rat6r)  

Audrey  (cutter),  1896.. 

CbazaHe  (s.T.) 

Amazon  (s.T.)   

Capercailzie  (s.T.)*...., 

Capercailzie  (s.T.)    

Marohesa  (s.T.)    

Oriental  (s.T.)  

Fair  Geraldine  (s.T.)  . 


Value  of 
ad. 


•54 
•55 
■55 
•55 
•55 
•56 
•57 
•57 
•59 
•59 
•60 
•60 
•61 
•62 
•63 
•69 
•51 
•54 
•59 
•63 
•66 
•72 
•70 


•  This  is  with  A  C  (Fig.  85)  put  12ft.  further  ahead  to  aUow  for  24ft.  straight  of  breadth. 

It  will  be  seen  that  there  is  a  considerable  range  in  these  values  of 
the  dividing  ordinate  a  d,  but  anquestionably  the  vessels  have  shown  the 
highest  speeds  when  the  value  oi  a  d  has  been  the  lowest^  as  far  as  the 
deep-bodied  yachts  are  concerned.  In  the  case  of  steam  yachts,  their 
straight  length  of  middle  body  must  be  considered.  In  the  table  this  has 
only  been  eliminated  in  the  case  of  Capercailzie,  as  indicated  by  an  asterisk. 
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Until  within  the  last  few  years  it  was  usual  to  find  a  great  deal  of 
hollow  in  the  water-lines  of  the  fore  body  at  about  the  mid  depth ;  but 
with  the  rounding  up  of  the  fore  foot  the  fine  parts  of  the  water-lines  have 
been  removed,  and  without  increasing  the  resistance  at  high  speeds,  whilst 
at  low  speeds  the  frictional  resistance  has  been  decreased  by  reason  of  the 
reduction  made  in  the  immersed  surface  (see  pages  144,  145,  and  168.) 


The  Aptbe  Body. 

Upon  first  examining  the  after  bodies  and  water  lines  of  the  after 
bodies  of  various  vessels,  there  would  appear  to  be  a  great  divergence  in 
their  forms,  but  if  examined  by  their  buttock  lines,  or  ribband  lines,  there 
will  in  reality  be  found  a  striking  similarity  in  them.  The  buttock  lines 
closely  resemble  in  character  a  parabola,  as  will  be  found  after  studying 
the  table  which  here  follows,  which  gives  the  factors  for  computing  a 
parabola,  and  also  for  computing  the  mid  buttock  line  of  several  well- 
known  vessels. 


Name  of  Yacht. 


Parabola*  

Audrey  (ontter),  1896  ... 

Ghost  (20-rater) 

Dolphin  (2'5-rater)    

Minerra  (21-rater) 

Volunteer  ( Amerioan  oat.) 

Sappho  (schooner) 

Aline  (schooner) 

Florinda  (yawl) 

Latona(yawl) 

Fiona  (cntter)    

Slenthhonnd  (cutter) 

Kriemhilda  (cutter)  

Vol-au- Vent  (cutter) 

Vanessa  (cutter) 

Egeria  (schooner)  

Egeria,  altered  

-Freda  (20-tonB,  cutter) ... 
Saraband  (lO-tons,  cutter) 
Neptune  (10- tons,  cutter) 

Lenore  (yawl) 

Qenesta  (cutter)     

Constance  (yawl)   

Miranda  (schooner)    

Oriental  (8.T.)    

Amazon  (s.T.) 

Fair  Gtoraldine  (s.T.) 

Capercailzie  (s.T.) 

Caperoailsie  (8.T.)t   

Chazalie  (8.T.)    

Marohesa  (8.T.)  


•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
■000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 
•000 


•234 

•210 

•189 

•230 

•187 

•248 

•225 

•240 

•247 

•236 

•225 

•200 

•210 

•195 

•223 

•216 

•200 

•216. 

•198 

•220 

•232 

•200 

•200 

•233 

•273 

•220 

•250 

•375 

•300 

•260 

•350 


•437 
•442 
•364 
•400 
•400 
•466 
•422 
•600 
•476 
•472 
•420 
•368 
•400 
•400 
•420 
•425 
•400 
•397, 
•375 
•400 
•438 
•375 
•408 
•449 
•523 
•425 
•475 
•633 
•550 
•512 


•609 

•575 

•544 

•540 

•583 

•644 

•580 

•676 

•647 

•654 

•600 

•547 

•575 

•i552 

•575 

•600 

•575 

•555, 

•558 

•580 

•607 

•550 

•595 

•614 

•712 

•600 

•676 

•808 

•710 

•700 

•800 


750 

708 

694 

680 

733 

778 

733 

S18 

790 

790 

755 

684 

720 

700 

700 

750 

783 

683, 

719 

730 

753 

722 

708 

770 

846 

750 

787 

883 

830 

810 

917 


•859 
•833 
•831 
•820 
•857 
•889 
•844 
•909 
•885 
•890 
•860 
•810 
•840 
•825 
•820 
•866 
•850 
•800 
•884 
•860 
•866 
•847 
•829 
•877 
•936 
•875 
•875 
•941 
•900 
•900 
•970 


6 


•937 

•896 

•920 

•900 

•933 

•954 

•930 

•950 

•951 

•954 

•930 

•897 

•923 

•920 

•920 

•941 

•933 

•900. 

•913 

•930 

•945 

•930 

•929 

•947 

•970 

•955 

•937 

•990 

•935 

•940 

•980 


984 

959 

968 

964 

983 

995 

982 

981 

981 

982 

982 

958 

980 

972 

980 

983 

980 

983. 

970 

980 

982 

986 

985 

989 

992 

990 

972 

998 

975 

970 

985 


8 


1000 
1000 
1000 
1000 
1-000 
1000 
1000 
1-000 
1000 
1000 
1000 
1-000 
1-000 
1^000 
1000 
1-000 
1-000 
1000 
1-000 
1000 
1000 
1000 
1000 
1000 
1000 
1-000 
1^000 
1000 
1-000 
1000 
1000 


X 


12 
20 
25 
21 
16 
18 
17 
20 
22 
16 
16 

yi 

20 

17 

22 

18 

18- 

17 

18 

18 

19 

20 

21 

23 

22 

19 

21 

24 

27 

27 


*  The  factors  in  this  line  are  for  computing  a  parabola. 

t  This  is  with  Ko.  8  ordinate  taken  12ft.  abaft  the  greatest  aaotion  to  allow  for  the  24ft. 
straight  of  breadth. 
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The  factors  are  thus  found.  A  buttock  line  is  put  in  the  body  plan 
midway  between  its  middle  vertical  line  and  the  greatest  section;  this  buttock 
line  is  then  projected  on  the  sheer  drawing  in  the  usual  way ;  and  the  distance 
from  this  section  to  the  point  where  the  buttock  line  cuts  the  load  water-line 
near  the  stem  post  is  taken  as  the  length  of  the  line,  except  in  the  case  of  the 
raking  midship  section.  This  length  is  divided  into  eight  equal  parts,  and  an 
ordinate  is  then  drawn  at  each  division  perpendicular  to  the  load  water-line ; 
the  lengths  of  these  ordinates  are  measured  and  consecutively  divided  by  the 
lowest  ordinate,  which  will  be  obtained  at  the  midship  section ;  the  quotients 
are  fractions,  and  are  the  same  as  the  factors  in  the  table.  Of  course  if  the 
midship  section  is  raked  the  length  of  the  buttock  will  be  increased,  and 
the  greatest  ordinate  will  be  further  forward.  The  fractions  under  x  in  the 
table-  is  the  distance  in  terms  of  the  length  of  the  after  body  that  the 
buttock  line  cuts  the  load  line  ahead  of  the  after  end  of  the  load  line. 

It  will  be  seen  that  these  curves  closely  assimilate  to  a  parabola,  but 
there  are  certain  notable  departures. 

It  could  not  be  pretended,  so  far  as  we  know,  that  there  is  any  special 
advantage  in  an  exact  parabolic  curve  for  a  buttock  line;  but,  undoubtedly, 
such  a  curve  is  fairer  and  truer  than  the  curves  of  buttock  lines  occasionally 
met  with. 

At  first  it  might  be  thought,  looking  at  the  buttock  lines  of  some 
yachts  which  have  comparatively  short  after  bodies,  that  they  have 
buttock  lines  of  unusual  curvature;  but  this  may  or  may  not  be  the  case. 
The  factors  for  the  lengths  of  the  ordinates  need  not  necessarily  be 
greater  than  those  for  a  parabola  to  produce  apparently  full  buttock 
lines,  as  the  apparent  fulness  could  be  obtained  by  placing  the  ordinates 
closer  together,  as  indeed  they  naturally  would  be  in  a  very  short  after 
body. 

The  Genesta  affords  an  example  of  a  full-looking  buttock  line  in 
a  narrow  vessel,  and  other  examples  can  be  found  among  the  plates.  In 
the  deep  and  beamy  type  of  boat  it  is  diflScult  to  get  long  buttock 
lines  without  giving  considerable  rake  to  the  midship  section,  and  when 
this  is  done  it  is  usual  to  put  the  greatest  breadth  of  the  load  water 
line  farther  aft  than  it  otherwise  would  be ;  and  often  the  practice  is 
followed  in  narrow  vessels.  The  Minerva  and  Isolde  are  extreme  examples 
of  what  is  done  in  this  way  in  broad  and  narrow  boats.* 

•  The  "  raking "  or  diagonal  midahip  section  has  for  a  great  many  years  been  fayonrably 
looked  apon  by  many  nayal  architects.  The  "  rake  "  can  be  thns  described ;  Assnme  that  the 
greatest  breadth  of  the  load  water-line  is  10ft.  abaft  the  centre  of  length  of  that  line;  then 
that  the  greatest  breadth  of  the  lower  water-lines  is  consecutively  1ft.  (or  more  or  less)  forward 
of  each  other*s  greatest  breadths ;  a  line  through  points  fixed  at  the  yarions  greatest  breadths 
wiU  determine  the  rake  of  the  midship  section.     The  original  '*  Una "  boats  had  it  in  a  very 
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Formerly  a  great  deal  of  contrary  flexure  was  observable  in  the 
buttock  lines  near  the  sternpost  (see  the  lines  of  Latona  among  the 
Plates).  This  was  owing  to  the  load  line  generally  terminating  some 
distance  inside  the  stern  post^  and  to  the  breadth  and  length  of  the  counter. 
By  extending  the  rabbet  for  the  planking  to  the  aft  edge  of  the  sternpost 
and  much  narrowing  the  counter^  the  buttock  lines  in  most  cases  terminate 
without  showing  any  hollow^  and  add  much  to  the  appearance  of  the  yacht. 

In  the  table  the  factors  for  computing  the  form  of  the  mid-buttock 
line  of  several  steam  yachts  are  given.  Most  of  these  yachts  have  long 
flat  floors  or  great  length  of  straight  middle  body  abaft  the  midship 
section;  hence  to  compare  them  with  sailing  yachts,  this  piece  of  middle 
body  should  be  left  out  of  the  curve.  The  effect  of  doing  this  has  been 
shown  in  the  table  in  the  case  of  Capercailzie.  In  steam  yachts  driven  by 
the  scre'v  propeller  the  after  body  requires  the  greatest  attention  in 
designing,  and  will  be  referred  to  further  on. 

marked  degree,  and  they  were  oommonlj  desoribed  as  "  olnb-footed."  Bnt  long  before  the 
advent  of  the  Una  boats  Mr.  T.  D.  Ditohbnm,  in  1835,  built  a  yessel  with  a  very  great  rake 
to  the  line  of  greatest  breadths,  and  she  was  conyerted  into  a  yaoht  because  she  wonld  not  oarry 
snffioient  cargo  to  be  oommerciaUy  suooessful.  In  1860  Mr.  Joseph  Mandslay,  the  distingnished 
engineer,  read  a  paper  at  the  Institution  of  Naval  Architects  on  this  particular  form  of  vessel, 
and  the  paper  was  accompanied  by  a  drawing  which  exhibited  very  beautiful  lines.  The  foUoiring 
is  an  abstract  from  Mr.  Maudslay's  paper : 

"  In  designing  a  vessel  of  any  given  displacement,  so  as  to  obtain  the  greatest  amount  of 
speed,  the  water-lines  at  the  entrance  and  delivery  should  be  made  as  long  and  as  easy  as 
possible ;  and  it  appears  that  these  lines  may  be  made  much  longer  and  finer  than  they  are 
in  vessels  as  at  present  built,  by  placing  the  greatest  breadth  on  the  load-water  line  considerably 
abaft  the  centre  of  length  of  the  vessel,  and  the  greatest  breadth  on  the  lower  water  lines 
to  the  same  extent  forward  of  the  centre  of  length,  thus  making  the  line  of  the  cross  section 
at  the  grreatest  breadths  incline  backwards  at  an  angle  from  the  keel,  instead  of  its  being 
in  a  vertical  line,  or  at  right  angles  to  the  line  of  the  keel.  This  angle  wiU  necessarily  vary 
in  diiferent  classes  of  vessels,  but  may  be  taken  at  about  30°  to  35°  for  vessels  of  ordinary 
proportion  as  to  breadth  and  depth.  It  will  be  seen  at  once  that  this  modification  of  the 
water  lines  offers  great  advantages  for  attaining  high  speed,  as  the  horiiontal  water  lines 
at  the  entrance  will  be  much  finer,  and  the  fulness  of  these  lines  aft  will  be  compensated  by 
the  increased  fineness  of  the  buttock  lines,  so  that  the  water  will  be  more  easily  divided 
and  thrown  aside  forwards,  while  the  void  astern  caused  by  the  progress  of  the  vessel  will 
be  filled  by  the  water  flowing  from  below  in  the  direction  of  the  buttock  lines.  By  these 
means  an  increase  of  speed  would  be  obtained  in  any  vessel  of  a  given  amount  of  beam,  without 
at  all  interfering  with  the  amount  of  displacement ;  or  an  increased  amount  of  stability  might 
be  given  to  a  vessel,  so  as  te  enable  her  to  carry  more  sail,  by  adding  to  her  beam  without 
at  all  adding  to  the  resistance  of  her  hull  through  the  water." 

It  is  quite  a  debateable  point  whether  or  not  a  vessel  can  be  made  to  carry  more  sail 
by  such  a  conformation ;  and  it  is  equally  open  to  doubt,  if  the  centre  of  gravity  of  the  plane 
of  flotation  were  very  far  abaft  the  centre  of  gravity  of  displacement,  if  the  vessel  wonld 
be  so  easy  in  a  eea  as  anticipated.  At  the  time  when  Mr.  Maudslay's  paper  was  read,  a 
discussion  on  the  system  took  place,  and  the  conviction  seemed  to  be  that  it  had  advantages. 
Mr.  Scott  Bussell  declared  that  by  raking  the  line  of  greatest  breadths  an  entrance  could  be 
obtained  which  would  be  much  longer  than  the  half  length  of  the  vessel;  and  a  run  could 
be  obtained  which  would  be  much  longer  than  half  the  vessel.  At  say  rate,  it  is  a  conveaient 
method  for  obteining  good-looking  buttock  lines. 
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POBM  AND  AkEA  OF  THE   MlDSHlP    SECTION. 

With  regard  to  the  form  of  the  midship  section,  the  manner  it 
influences  stability  and  resistance  has  already  been  explained,  and  in 
some  respects  these  influences  are  antagonistic.  For  instance,  it  will  be 
seen  upon  reference  to  page  43  that  deepening  the  bilge,  or  carrying 
the  ^eatest  breadth  well  below  the  water  line,  and  causing  it  to  turn 
in  rather  sharply,  as  in  the  case  of  the  20-tonner  Freda  (see  her  mid- 
section, page  156),  greatly  adds  to  stability,-  on  the  other  hand,  upon 
reference  to  page  145  it  will  be  observed  how  detrimental  a  deep  bilge 
must  be  for  speed  on  account  of  its  aggravating  the  tendency  to  make 
deep  transverse  waves.  It  is  therefore  obvious  that  in  adding  to  the 
displacement  by  deepening  the  bilge  to  augment  stability  that  its  effect 
on  resistance  should  be  well  considered. 

If  a  small  weight  of  ballast  is  to  be  carried,  a  high  bilge  and  hollow 
garboards  will  be  resorted  to,  and  flatter  looking  buttock  lines  will  be 
obtained,  extreme  cases  being  found  in  the  Dolphin,  Kismet,  Sappho,  &c. 
There  will,  however,  be  an  increase  in  the  immersed  surface  in  a  case  like 
the  Sappho's,  and  this  may  be  a  serious  matter  for  sailing  in  light  winds. 
The  full  midship  section  with  faint  bilge,  such  as  Genesta,  Ghost,  and 
many  others  have,  possess  the  advantage  of  yielding  a  relatively  small 
immersed  surface.  With  such  sectipAs,  however,  the  transverse  wave- 
making  will  also  be  great,  and  the  very  highest  speeds  will  not  be 
attainable  for  any  given  length ;  still,  it  has  been  found  in  practice  an 
advantage  to  have  mid-sections  approaching  the  form  of  those  under 
consideration,  the  Minerva's  being  a  good  example ;  and  it  should  be  borne 
in  mind  that  the  results  of  competitive  sailing  are  rarely  determined  by 
having  a  form  adapted  for  the  highest  possible  speed. 

Such  a  section  as  Genesta's  is  not,  however,  practicable,  where  speed  is 
concerned,  in  vessels  of  great  beam,  unless  the  depth  of  under-water  body 
is  very  limited. 

It  is  usual  to  compare  the  areas  of  midship  section  as  a  measure 
of  resistance,  but,  as  exemplified  on  page  138,  the  comparison  except 
in  vessels  of  exactly  similar  form  may  be  entirely  misleading.  The 
general  character  of  the  effect  of  the  area  on  speed  will  be  gathered 
from  the  chapter  on  ''  Resistance,"  particularly  on  pages  145  and  155. 

In  yachts  designed  in  accordance  with  the  wave  form  requirements  the 
area  of  the  mid-section  is  about  1*75  times  the  area  of  the  average  area  of 
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the  sections.     A  formula  for  approximating  the  area  of  mid-section  in 
such  vessels  would  therefore  be 

Area  mid-section  =  ^^TwTt   x  1'75 

the  displacement  being  expressed  in  cubic  feet. 
Or  the  displacement  could  be  found  from 

Displacement  =  "^^'^^  x  L.W.L. 

In  vessels  finer^  either  in  the  fore  body  or  after  body^  than  the  wave 
form  theory  prescribes^  the  proportion  of  mid  area  to  the  average  area  of 
section  is  larger ;  if  the  vessel  is  fuller  than  a  wave  form  the  proportion  is 
smaller^  the  range  being  from  1*6  to  2*2  in  examples  we  have  examined. 


CHAPTER  XL 
STEAM    YACHTS. 


THE  BOILER  AND  ENGINE. 

In  spite  of  the  number  of  Institutions,  both  in  this  country  and  abroad, 
devoted  to  the  record  and  investigation  of  physical  science ;  and  in  spite 
of  the  many  trials  and  experiments  made  from  time  to  time  by  our  own 
and  foreign  naval  authorities,  the  fact  remains  that  there  is  no  source 
from  which  a  comprehensive  record  of  the  progress  of  modem  marine 
engineering  can  be  compiled.  The  transactions  of  the  Institution  of 
Naval  Architects  and  other  scientific  societies,  and  the  pages  of  our 
principal  engineering  journals,  no  doubt  record  the  leading  features  in 
the  march  of  improvement,  and  they  are  also  rich  in  information  on 
numberless  points  of  detail  as  to  marine  engineering  practice ;  but  when  we 
go  further,  and  inquire  as  to  performance  and  eflBciency,  we  find  no  complete 
record  which  forms  a  continuous  and  unbroken  history  of  marine  engineering. 
What  is  principally  wanted  in  the  present  day  is  a  comprehensive 
series  of  experiments  on  a  large  scale,  conducted  by  competent  and 
unpi*ejudiced  engineers,  in  order  to  determine  the  relative  efficiencies 
of  marine  engines  and  boilers  of  various  types.  We  want  done  for  the 
marine  engine  what  Mr.  Froude  accomplished  in  the  field  of  naval 
achitecture  by  means  of  model  experiments,  and  trials  with  the  Grey- 
hound. The  engineering  question,  however,  is  far  more  complex  than  that 
with  which  the  naval  constructor  has  to  deal,  and  model  experiments  are 
not  admissible  in  the  former  case  as  they  are  in  the  latter. 

We  do  not  mention  these  facts  merely  for  the  sake  of  pointing  out  a 
difficulty,  and  in  order  to  form  an  excuse  for  the  necessarily  imperfect 
nature  of  this  chapter,  but  in  the  hope  that  some  owners  of  the  many 
fine  vessels  in  the  English  yachting  fleets  will  utilise  the  exceptional 
opportunities  at  their  command,  and  give  to  marine  engineering  science 
some  of  that  practical  information  it  now  so  sadly  lacks.* 

•  Sinoe  this  wm  written  the  Inatitution  of  M'eoh^cftl  Engineers  haa  appointed  a  researoh 
oommittee  to  make  trials  and  report  on  steamsliip  maohi^exy.  Up  to  the  time  of  pnblicatiofi  the 
labours  of  the  oommittee  have  not  produced  xesnlts  which  render  the  aboye  passages  no  longer 
troe.  The  'oommittee  has,  nerertheless,  done  some  good  work,  and  promises  to  do  better. 
Fnrther  on  we  quote,  from  the  reports  already  presented. 
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In  considering  the  subject  of  steamship  machinery,  the  steam 
generating  apparatus  claims  our  first  attention,  both  in  natural  sequence 
and  in  order  of  importance.  It  is  on  the  boiler  that  the  eflBciency,  safety, 
and  comfort  of  the  whole  machine  mainly  depends.  No  vessel  with  a 
boiler  too  small  or  ill-designed  can  do  good  work,  whilst  we  often  see 
steam  craft  of  all  kinds  which  manage  to  get  along  fairly  well  with  very 
questionable  engines.  There  is  one  axiom  that  all  yachtsmen  should 
take  to  heart :  a  small  boiler,  i.e.,  small  for  the  work  it  has  to  do,  is  always 
a  bad  boiler.  The  boiler,  to  those  who  are  not  engineers,  is  not  a  very 
interesting  subject,  and  too  often  both  owner,  designer,  and  constructor 
combine  to  cut  down  the  space  allotted  to  this  important  element.  The 
mistake  is  invariably  fatal,  for  a  dwarfed  overworked  boiler  always 
revenges  itself — too  often  at  the  most  critical  times. 

A  perfectly  efficient  steam  generator  would  be  one  that  would  give 
in  steam  an  equivalent  to  the  full  theoretical  value  of  the  fuel  burnt, 
and  such  a  boiler  naturally  only  belongs  to  the  domain  of  theory.  A 
pound  of  good  Welsh  coal  is  theoretically  capable  of  evaporating  at  atmo- 
spheric pressure,  about  151b.  of  water,  from  a  temperature  of  212°.  This 
duty,  as  we  have  intimated,  is  not  reached  in  practice  for  a  variety  of 
reasons,  the  chief  of  which  are  the  waste  heat  which  escapes  by  the  funnel 
and  the  loss  due  to  the  gases  evolved  from  the  fuel  being  carried  to 
the  chimney  without  being  burnt.  By  bad  stoking  or  defective  grate 
bars  a  good  deal  of  fuel  is  often  wasted,  and  there  is  a  certain  amount 
of  heat  lost  by  radiation,  especially  if  the  boiler  be  not  covered  with  some 
non-conducting  material,  such  as  felt,  slag-wool,  &c.  The  loss  which 
arises  from  the  escape  of  heat  by  the  chimney  is  not  to  be  avoided,  as 
the  draught  necessary  for  urging  the  fires  is  due  to  the  lighter  and 
hotter  gases  ascending  in  the  funnel  in  all  boilers  run  by  natural 
draught.  From  this  the  advantages  offered  by  a  high  funnel  will  easily 
be  seen,  when  looked  at  from  a  utilitarian  point  of  view,  however  much 
the  susceptibilities  of  those  who  mix  up  SBstheticism  with  steam  boiler 
chinmeys  may  be  offended.  The  best  temperature  for  the  products  of 
combustion  to  escape  at  is  generally  considered  to  be  about  600°  Fahr. 
With  forced  draughts,  such  as  is  used  in  torpedo  boats,  there  need  be 
no  difference  between  the  temperature  of  the  chimney  gases  and  the 
outside  atmosphere,  so  far  as  draught  is  concerned ;  but  naturally  the 
products  of  combustion  can  never  be  brought  lower  than  the  heat  of  the 
water  and  steam  in  the  boiler.  As  a  matter  of  practice  they  are  never 
nearly  so  low ;  the  large  additional  amount  of  heating  sur&ce  required^ 
when  the  equilibrium  in  temperature  between  the  two  has  been  at  all 
closely  approached,  would  be  so  great  as  to  render  the  boiler  costly  and 


The  Boiler.  183 


heavy  out  of  all  proportion  to  the  saving  in  fuel.  By  means  of  feed 
water  heaters^  the  waste  heat  escaping  from  the  uptake  may  be  utilised. 
The  heat  is  transmitted  to  the  much  colder  water  of  the  feed  far  more 
readily  than  to  the  hot  water  in  the  boiler.  A  thoroughly  satisfactory 
appliance  of  this  kind  would  afford  a  great  saving  of  fuel,  especially  if  it 
were  worked  in  conjunction  with  the  forced  draught  from  a  fan  blower. 

From  what  has  been  said  it  will  be  seen  that  one  of  the  chief  causes  of 
loss  referred  to  is  inevitable  with  our  present  system  of  steam  generation, 
and  the  marine  engineer  in  designing  a  boiler  does  not  aim  at  lessening  the 
heat  of  the  waste  products,  as  he  would  thereby  destroy  his  draught.     The 
case  is,  however,  different  with  the  second  source  of  loss  mentioned.    Every 
atom  of  unconsnmed  gas  that  escapes  at  the  chimney  top  is  a  complete 
waste  of  fuel ;  and  not  only  is  it  a  direct  loss  in  itself,  but  it  carries  with 
it  the  heat  which  has  been  absorbed  in  transforming  the  fuel  from  a  solid 
to  a  gaseous  state.     The   size  of  flues   and  combustion   chambers  bears 
especially  on  this  question,  and  these  we  refer  to  again  later  on.     It  is 
necessary  also  that  a  sufficient  amount  of  air  be  admitted  to  the  furnace,  in 
order  to  supply  the  oxygen  required  for  perfect  combustion  ;  perfect  com- 
bustion being  the  chemical  combination   of  the  furnace  gases  with  the 
oxygen.     No  heat  is  given  off  by  the  distillation  of  the  gases  from  the 
fuel ;  in  fact,  the  reverse  is  the  case,  for  .heat  is  absorbed.     Unless  the 
atoms  of  gas  are  brought  into  contact  with  the  atoms  of  oxygen,  both 
being  at  the  requisite  temperature,  it  would  be  more  profitable  to  throw 
the  coal  from  which  such  gases  are  evolved  into  the  sea,  rather  than  put 
it  on  to  the  grate.     About   121b.   of  air  are  theoretically  necessary  for 
burning  each  pound  of  coal ;  but  as  theoretical  considerations  by  no  means 
govern  the  question,  it  is  found  in  practice  that  from  181b.  to  251b.  of  air 
must  be  supplied  to   insure  the  combustion  of  each  pound  of  coal ;  the 
considerable  difference  in  quantity  being  accounted  for  by  the  description 
of  coal  that  may  be  used,  and  the  briskness  of  draught.     With  hard  coal, 
in  which  the  percentage  of  carbon  is  high,  when  burnt  by  forced  draught, 
less  air  is  required  to  pass  through  the  furnace  than  with  bituminous  coal 
and  sluggish  draught. 

When  the  air  passes  up  through  the  grate  bars  the  oxygen  in  it 
combines  with  the  carbon  and  forms  carbonic  acid  gas.  This  should  be 
the  product  of  combustion  discharged  from  the  funnel,  as  in  that  case  the 
carbon  and  oxygen  have  been  brought  together  in  suitable  proportions, 
and  all  the  heat  that  it  is  possible  to  get  has  been  obtained  from  the 
carbon  in  the  fuel.  Carbonic  acid  gas  has,  however,  the  property  of 
taking  up  a  further  quantity  of  carbon,  and  carbonic  oxide  is  thus  formed. 
The  excess  of   carbon  in  the  latter  can  be  burnt   by  being  brought  in 
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contact  (always  at  a  sufficiently  high  temperature)  with  a  further  quantity 
of  oxygen^  and  carbonic  acid  gas  is  again  formed.  This  of  course  is 
incombustible,  and  incapable  of  being  used  for  heating  purposes.  It  will 
be  seen  from  this  how  necessary  it  is,  especially  with  thick  fires,  to  provide 
for  admission  of  air  above  the  furnace  bars.  When  using  bituminous 
coal  there  is  additional  necessity  for  a  supply  of  air  other  than  that 
which  passes  through  the  furnace  bars.  The  hydrogen  set  free  from  such 
coal  requires  a  larger  supply  of  oxygen  to  effect  the  complete  combustion 
of  any  given  volume  than  does  carbon,  and  should  such  oxygen  not  be 
present,  the  hydrogen  will  be  wasted,  generally  escaping  at  the  funnel  in 
combination  with  a  greater  or  less  degree  of  carbon,  either  as  marsh  gas  or 
defiant  gas.  On  the  other  hand,  too  much  air  will  carry  off  the  heat  to 
waste,  and,  the  gases  beiug  diluted  and  so  cooler,  the  rate  of  transmission 
will  be  less,  thus  making  the  heating  surface  less  effective.  Moreover,  the 
greater  the  volume  of  the  gases  and  products  of  combustion  the  more 
quickly  they  will  pass  through  the  tubes,  and  therefore  the  less  time  will 
they  have  to  part  with  their  heat.  Supposing  the  temperature  of  the 
atmosphere  to  be  60°,  if  the  fuel  could  be  burned  with  121b.  of  air  to  each 
pound  of  coal  the  the  temperature  of  the  products  of  combustion  would  be 
4640°.  If  181b.  of  air  be  used  the  theoretical  temperature  will  be  3275°,  and 
with  241b  of  air  per  pound  of  fuel  the  theoretical  temperature  will  be  2600°. 

It  is  difficult  to  give  any  exact  rule  as  to  the  total  area  of  opening  by 
which  air  may  be  admitted  above  the  fuel.  The  holes  required  should  not 
be  too  large,  about  ^in.  in  diameter  perhaps  being  a  maximum.  The  total 
area  of  opening  may  range  between  2iin.  and  5in.  per  square  foot  of  bar 
surface,  but  the  conditions  vary  according  to  the  description  of  fuel  used, 
the  speed  of  draught,  and  other  considerations.  A  greater  volume  of  air 
above  the  bars  is  required  immediately  after  firing,  as  it  is  then  the  hydro- 
carbons are  chiefly  liberated,  and  these,  as  we  have  intimated,  require  a 
larger  volume  of  air  to  complete  their  combustion  than  the  carbon,  which 
is  liberated  more  slowly. 

The  principal  class  of  boiler  in  modem  sea-going  vessels,  such  as 
yachts,  is  the  cylindrical  return  tube  type,  with  either  one,  two,  three,  or 
four  furnaces.  Although  somewhat  costly  to  manufacture,  it  possesses 
advantages  which  have  enabled  it  to  hold  its  own  as  the  best  in  marine 
practice,  the  chief  of  these  being  its  reliable  character,  as  tested  by  years 
of  experience,  combined  with  fuel  economy,  and  the  small  length  it 
occupies  in  the  vessel.  As  will  be  seen,  other  types  of  boiler  are  coming 
forward  which  bid  fair  to  contest  its  supremacy.  Return  tube  boilers  are 
divided  into  two  classes,  single-ended  and  double-ended.  The  latter  are 
fired  at  each  end,  and  the  combustion  chamber,  or  chambers,  are  situated 
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in  the  middle  of  the  boiler,  the  tubes  returning  over  their  respective  flues 
in  the  usnal  way.     The  positions  of  furnaces  and  combustion  chambers 
may  be  arranged  in  either  of  the  following  ways.     There  may  be  a  single 
combustion  chamber  in  which  all  the  furnaces  terminate ;  there  may  be 
two  combustion  chambers  placed  back  to  back,  so  that  the  furnaces  in  each 
end  of  the  boiler  have  separate  chambers ;  there  may  be  a  combustion 
chamber  common  to  each  pair  of  furnaces  opposite  each  other;  or  there 
may  be  a  separate  combustion  chamber  to  each  furnace.     The  latter  plan 
has  many  advantages,  but  it  is  costly  to  construct,  and  makes  a  heavy 
boiler.     Double-ended  boilers  are,  however,  seldom  necessary  in  the  case  of 
yachts,  and  we  may  therefore  confine  our  attention  to  the  second  type 
mentioned :  namely,  the  single-ended  boiler.     This  may  have  either  one, 
two,  or   three  furnaces;    but  there  are  comparatively  few  yachts  large 
enough  to  require   three-furnace  boilers.      Each  plan  has  its  particular 
advantages  and  disadvantages,  and  there  is  much  diversity  of  opinion  as  to 
the  best  practice  in  this  respect.     The  balance,  however,  is  decidedly  in 
favour  of  a  single  furnace  whenever  it  can  be  brought  within  manageable 
limits.     One  of  the  principal  requirements  is  to  give  sufficient  height  above 
the  grate  bars,  in  which  the  gases  may  be  burnt  in  the  manner  already 
described.     It  will  be  readily  understood  that  what  is  known  as  the  heating 
surface  of  the  boiler  is  heating  surface  only  so  far  as  the  water  is  con- 
cerned,  being,   on   the   other   hand,   cooling   surface  to   the  gases.      If, 
therefore,  the  gases  are  brought  in  contact  with  the  sides  of  the  furnace 
before  they  have   combined  with  the  necessary  oxygen  they  are  cooled 
below  the  temperature  of  combustion ;  and,  unless  they  are  again  brought 
to  the  required  heat  (which  may  or  may  not  occur),  go  to  waste  up  the 
chimney.     It  wiU  be  easily  seen  how  desirable,  therefore,  it  is  to  have 
a  fair  amount  of  space  above  the  grate  bars,  and  this  space  is  greatest  with 
large  diameter  furnaces.     It  may  be  mentioned  in  illustration  of  this  part 
of  our  subject,  that  the  old-fashioned  rectangular  box  boilers,  with  furnaces 
of  square  section,  were,  as   a  rule,  more   economical   than  the  modem 
cylindrical  type.      A  large  combustion   chamber,  although   an   excellent 
feature,  will  not  altogether  compensate  for  a  furnace  of  small  diameter,  as 
the  gases  may  be  reheated  whilst  they  are  exposed  to  the  radiant  heat  of 
the  furnace,  but  the  chance  is  very  much  diminished  when  they  get  into 
the  combustion  chamber.      The  single  furnace  boiler  is  also  cheaper  to 
make^  is  lighter,  and  further  possesses  the  advantage  of  giving  less  space 
for  dead  water  at  the  bottom ;  a  detail  that  considerably  affects  the  life  of 
the  boiler,  especially  in  the  case  of  vessels,  such  as  yachts,  in  which  the 
steaming  is  intermittent. 

The  points  that  tell  against  single  furnaces  are  that  a  longer  grate  is 
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required  to  get  a  like  area,  and  the  steam  will  fall  in  pressure  during 
stoking.  By  stoking  two  furnaces  at  different  times  the  steam  pressure 
can  be  kept  more  regular,  and  when  there  is  a  combustion  chamber 
to  each  furnace  the  whole  boiler  is  not  incapacitated  by  a  defect  in 
a  tube.  The  decision  as  to  the  number  of  furnaces  must  of  course  depend 
on  a  variety  of  circumstances,  such  as  the  amount  of  grate  surface  required, 
the  pressure  at  which  the  boiler  is  to  work,  and  other  considerations  of 
this  nature.  As  a  general  rule  in  ordinary  practice,  4ft.  may  be  taken  as 
an  extreme  diameter,  whilst  there  are  few  furnaces  below  2ft.  4in.  Large 
marine  boilers  are  made  with  four  furnaces.  Double  ended  boilers,  such  as 
the  steam  yachts  M'^hican  and  Fire  Fay  are  fitted  with,  four  furnaces- 
two  in  each  end.  Speaking  generally,  and  taking  ordinary  pressures, 
return  tube  boilers  up  to  7ft.  6in.  diameter,  would  be  made  with  a  single 
furnace ;  up  to  about  13ft.  6in.  with  two  furnaces,  and  above  that 
diameter  with  three  furnaces.  The  Imogen,  built  at  Paisley  in  1890,  has  a 
boiler  14ft.  6in.  in  diameter  with  three  furnaces. 

One  of  the  greatest  improvements  in  the  modem  high  pressure  boiler 
has  been  the  invention  of  the  corrugated  flue  (see  Fig.  97),  the  intro- 
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duction  of  which  is  due  to  Mr.  Sampson  Fox,  of  the  Leeds  forge.  These 
are  rolled  solid  by  special  machinery  of  great  power,  and  there  are  no 
seams  of  ri vetting  in  the  place  where  of  all  others  they  are  more  likely  to 
give  trouble.  Of  the  value  of  this  invention  it  is  unnecessary  to  speak,  as 
it  has  received  the  highest  testimonial  possible  in  the  shape  of  general 
application  in  the  best  marine  practice.  When  first  introduced,  several  of 
these  furnaces  gave  out,  but  this  resulted  from  their  being  made  of  iron, 
the  lamination  of  which  caused  the  trouble.  Mild  steel  only  is  now 
used,  with  the  most  complete  success.  The  advantages  in  this  class  of 
furnace  are,  that  greater  strength  is  obtained  with  a  thinner  plate,  and  oom- 
pensation  ia  allowed  for  the  stress  due  to  unequal  expansion  and  contraction. 
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The  heating  surface  in  the  furnace  itself  is  increased^  and  probably  a  good 
effect  is  produced  by  the  deflection  of  the  gases  from  the  surface  of  the 
furnaces,  and  their  consequent  more  thorough  mixing  with  the  air.  The 
Puryes  famace  is  in  principle  similar  to  the  corrugated  furnace,  and  has 
come  extensively  into  use  of  late  years.  There  are  also  one  or  two  other 
furnaces  of  a  like  nature,  but  differing  in  detail  of  construction. 

The  tubes  in  a  boiler  are  generally  made  of  iron  or  steel  in  mercantile 
vessels.  Formerly  ships  of  the  Royal  Navy  had  brass  tubes,  but  steel  has 
now  made  its  way  in  the  Service  too. 

For  some  time  the  preference  appeared  to  be  becoming  more  general 
for  tabes  of  smaller  diameter,  but,  tempting  as  it  is  to  get  a  large  amount 
of  heating  surface  in  a  small  space,  the  practice  may  easily  be  overdone. 
The  general  rule  is  to  make  the  diameter  of  the  tubes  one-twenty-fourth  of 
their  length  if  a  fair  height  of  funnel  can  be  obtained.  Mr.  Milton,  of 
Lloyd's,  has  given  some  instances  of  the  effect  of  reducing  the  size  of  tubes. 
Taking  S^in.  as  a  standard,  and  maintaining  1-^in.  spaces  for  cleaning 
purposes,  as  is  usual  in  good  practice,  we  find  that  with  2|in.  tubes 
10  per  cent,  extra,  and  with  2in.  tubes  20  per  cent,  extra  surface  is 
obtained;  while  if  the  space  were  reduced  to  l^in.  with  the  2|in.  tubes, 
and  lin.  with  the  2in.  tubes,  which  would  probably  be  found  to  be  equally 
efficient  for  cleaning  when  we  consider  the  reduced  size  of  the  tubes, 
these  figures  are  increased  18  per  cent,  and  43  per  cent,  respectively. 
The  total  area  of  the  tubes  in  cross  section  should  not  be  less  than  one- 
seventh  the  grate  area  in  ordinary  practice  with  moderately  high  funnel. 
If  the  tubes  are  placed  too  close  to  each  other  priming  is  likely  to  occur. 
Too  small  tubes  tend  to  throttle  the  draught,  causing  slower  or  imperfect 
combustion  in  the  furnace ;  if,  however,  the  tubes  afford  too  large  a  total 
area,  the  draught  is  not  sufficiently  brisk  in  the  tubes  themselves,  and  they 
are  more  liable  to  get  choked.  The  smoke  box  into  which  the  tubes 
discharge  should  have  a  sufficient  lengthways  depth,  so  as  not  to  check 
the  issue  from  the  tubes;  the  depth  should  be  from  12  to  15  inches,  and 
the  uptake  from  the  smoke  box  should  lead  direct  to  the  funnel. 

It  is  generally  considered  that  the  combustion  chamber  in  a  return 
tube  boiler  should  be  equal  in  capacity  to  the  furnace  in  order  to  give  good 
results  with  boilers  designed  for  ordinary  pressures.  Shortcomings  in  this 
respect  will  cause  a  low  efficiency.  This  point,  however,  is  better  under- 
stood in  the  present  day  than  it  was  a  few  years  ago,  the  average  depth  of 
combustion  chambers  having  been  almost  doubled  of  late  years  in  best 
marine  practice.  It  should  be  noted  that  quite  recently  a  large  number 
of  very  big  return  tube  boilers  have  been  constructed  to  work  at  high 
pressures,   with   furnaces    very   large   in    diameter    and  the    combustion 
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chambers  comparatively  small.  No  doubt  this  is  good  practice^  as  mann- 
facturers  can  now  supply  furnaces  that  will  stand.  The  part  that  makes 
a  return  tube  boiler  so  costly  is  the  combustion  chamber^  but  this  additional 
expense  may  be  avoided  by  the  use  of  a  dry  combustion  chamber.  In  this 
type  the  boiler  is  a  simple  cylindrical  shelly  the  furnace  extending  right 
through^  and  the  tubes  returning  from  the  back  tube  plate  in  the  usual  way. 
In  place  of  the  water  jacket  to  the  combustion  chamber^  with  its  flat 
surfaces  and  numerous  stays^  a  casing  of  fire  brick  is  built  up  at  the  back 
end^  forming  a  passage  for  the  heated  gases  between  the  furnace  and  the 
tubes^  in  much  the  same  way  as  the  uptake  over  the  furnace  mouth  makes 
a  communication  between  the  tubes  and  the  chimney.  By  this  arrangement 
it  will  be  seen  that  a  great  deal  of  very  effective  heating  surface  is  lost,  its 
place  being  taken  by  fire  brick.  The  loss,  however,  is  more  apparent  than 
real,  for  the  tube  surface  is  rendered  far  more  effective.  Probably  in 
ordinary  diameter  tubes  combustion  of  the  gases  does  not  take  place  for  a 
further  distance  than  three  or  four  inches  from  the  end  of  the  tubes,  as  the 
gases  are  speedily  brought  below  the  necessary  temperature  by  the  heat 
transmitted  from  them  to  the  water  surrounding  the  tubes.  It  will  therefore 
be  seen  that  unless  the  gases  are  burnt  in  the  furnace  or  combustion 
chamber  they  are  likely  to  get  away  through  the  tubes  unconsumed.  It 
wiU  also  be  understood  from  what  has  been  said  that  a  surrounding 
envelope  of  water  is  likely  to  check  combustion  by  the  abstraction  of  heat. 
Fire  brick  being  a  very  bad  conductor  of  heat  the  gases  do  not  become 
lowered  in  temperature,  and  the  combustion  chamber  is  more  likely  to  play 
its  proper  part. 

The  extent  of  grate  surface  is  the  governing  principle  in  designing  a 
cylindrical  boiler,  as  the  width  of  gprate  determines  the  diameter  of  the 
furnace,  and  also  the  length  of  the  grate.  Long  grates  are  difficult  to 
stoke,  and  in  any  case  the  length  should  not  exceed  twice  the  diameter  of 
the  furnace,  but  to  get  the  best  results  about  one  and  a  half  diameters  will 
be  sufficient,  although  a  great  deal  depends  on  the  skill  of  the  fireman. 
Fire  bars  may  be  in  one,  two,  or  more  lengths.  The  Admiralty  prefers  not 
more  than  2ft.  3in.,  but  bars  5ft.  6in.  are  worked  satisfactorily  in  ordinary 
practice.  It  is  better  to  have  the  bars  in  one  length  if  possible,  as  tbe 
bearer,  which  interferes  a  good  deal  with  the  cleaning  of  the  furnaces,  is 
then  avoided.  Thin  deep  fire  bars  are  preferable,  as  they  are  less  likely  to 
become  overheated. 

The  relative  proportions  of  grate  and  heating  surface  most  suitable  in 
a  return  tube  boiler  vary  with  the  conditions  under  which  it  is  to  be  worked, 
the  quickness  of  draught  and  description  of  fuel  being  the  most  important 
considerations.     In  a  return  tube  boiler  of  good  design  lib.  of  coal  will 
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evaporate,  under  favourable  conditions^  91b.  to  101b.  of  water,  but  in 
ordinary  work  81b.  is  a  fair  result.  In  yachts  running  with  natural 
draught,  from  141b.  to  201b.  of  coal  can  be  burnt  per  square  foot  of  grate 
surface  per  hour;  but  the  larger  quantity  named  is  seldom  consumed, 
except  on  trial  trips,  when  great  attention  is  paid  to  the  stoking  and 
draught.  Taking  the  larger  quantity,  as  representing  what  is  done  on 
trial  trips,  and  allowing  21b.  of  coal  per  I.H.P.,  we  should  require  0*1 
square  foot  of  grate  surface  per  I.H.P.  With  iron  tubes  from  2  to  3  square 
feet  of  total  heating  surface  is  generally  allowed  for  each  indicated  horse 
power  required ;  but  the  rule  is  by  no  means  uniform  for  yacht  practice,  as 
will  be  gathered  from  the  table,  and  it  will  be  noted  that  the  efficiency  of 
the  grate  diminishes  very  rapidly  as  its  area  decreases  in  small  vessels. 


i 
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•  The  indioated  horse  power  for  Imogen  is  given  on  the  anthority  of  the  builders  as  being 
obtained  on  the  trial  trip  with  indnoed  draught  caused  by  a  steam  jet  blast  in  the  funnel,  a 
praotioe  not  admissible  for  ordinary  running.  17  I.H.P.  per  square  foot  of  grate  is  nearly  double 
that  obtainable  with  natural  draught.  10  I.H.P.  per  square  foot  is  regarded  as  a  very  fair 
achioYement  even  for  a  trial  trip,  and  8  I.H.P.  for  ordinary  running  with  natural  draught. 

f  FauTotte  for  the  I.H.P.  given  used  Martin's  "  induced  draught." 

An  important  consideration  in  designing  a  marine  boiler  is  the  steam 
space  that  shoald  be  allowed^  for  on  this  mainly  depends  whether  the 
boiler  will  prime  or  not.  A  rough  general  rule  is  to  keep  the  top  row 
of  tubes  one-third  the  diameter  of  the  shell  from  the  top^  whilst  some 
engineers  calculate  the  contents  of  the  space  above  the  water  levels  allowing 
from  half  to  three-quarters  of  a  foot  per  I.H.P.  It  is,  however,  not  only 
the  actual  capacity  of  steam  space,  but  to  a  large  extent  the  area  of  water 
plane  in  a  boiler  that  affects  priming.  What  is  required  is  to  draw  the 
steam  equitably  from  as  large  a  surface  as  possible,  and  for  this  reason  an 
internal  pipe  with  saw  cuts  on  its  upper  surface  is  placed  under  the  top  of 
the  boiler  shell. 

With  the  increase  of  pressures  the  steam  space  has  been  reduced  in 
marine  boilers^  for  the  reason  that  the  higher  the  pressure  the  smaller  the 
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volume  for  any  given  weight  of  steam^  the  difference  in  volume  between 
steam  of  601b.  and  1001b.  pressure  being  approximately  as  follows :  6*8 
cubic  feet  per  pound  of  steam  at  601b.  pressure^  and  4*3  cubic  feet  at 
1001b.  Wbere  the  required  steam  space  cannot  be  obtained  without  much 
increasing  the  diameter  of  the  boiler,  a  steam  dome  is  fitted,  an  example  of 
which  is  given  on  Plate  VI.  It  is  generally  considered  that  when  steam 
is  taken  from  a  dome  the  chances  of  priming  are  reduced. 

In  the  present  day  steel  may  practically  be  said  to  have  superseded 
iron  as  a  material  for  boilers  of  the  best  class.  The  life  of  a  yacht's  iron 
boiler  of  751b.  pressure  has  ranged  from  ten  to  twenty  years,  according 
to  the  use  and  treatment  it  has  been  subject  to;  and,  so  far  as  experience 
has  yet  gone,  there  is  no  reason  to  suppose  that  steel  boilers  with 
pressures  ranging  from  1001b.  to  1801b.  will  be  less  durable.  But  the 
latter  require  much  more  careful  treatment  than  the  old  iron  boiler  of 
701b.  or  801b.  pressure,  or  there  will  be  trouble  with  the  tubes  and 
tube  plates  or  furnace  crowns.  Steam  must  be  got  up  very  slowly  in 
from  four  to  five  hours,  and  care  taken  that  there  is  an  early  circulation; 
also  the  boiler  should  be  cooled  down  with  equal  care  by  closing  the 
damper  (in  the  funnel),  the  ashpits,  &c.,  and  not  by  drawing  the  fires. 
Particular  care  appears  to  be  necessary  in  this  respect  on  first  using  a 
boiler,  and  some  engineers  will  not  allow  a  new  boiler  to  steam  to  its 
full  pressure  on  the  first  time  of  using  it.  It  is  also  necessary  that  the 
boiler  should  be  fed  with  fresh  water  to  make  up  for  waste.  Mr.  Parker, 
chief  engineer  to  Lloyd's,  in  dealing  with  this  subject  in  1890,  said : 

It  is  known  that  deposit  takes  plaoe  more  rapidly  with  high  pressures,  and  consequently 
high  temperatnres,  than  with  low-pressnres.  Theoretically  speaking,  by  the  process  of  oonrerting 
water  into  steam,  condensing  it  into  water,  and  again  converting  it  into  steam,  no  loss  whatever 
should  take  place ;  bat  in  practice  there  is  a  considerable  loss  from  leaky  pomps,  cylinder  glands, 
cocks,  safety  valves,  condenser  tubes,  Ac ,  and  in  an  engine  kept  in  good  working  order,  all  parts 
being,  practically  speaking,  tight,  and  no  loss  from  steam  blowing  off,  Ac.,  I  find  that  for  every 
thousand  horse- power  exerted,  one  ton  of  water  per  day  has  to  be  added  to  the  boiler  in  the  form 
of  extra  supply.  If  this  water  has  to  be  taken  from  the  sea,  no  less  than  2  cwt.  of  solid  matter 
must  be  deposited  every  day,  and  it  can  easily  be  seen  how  detrimental  such  treatment  mnat  be 
to  boilers  engaged  on  long  voyages.  It  is  considered  that  all  boilers  working  at  high  preBsures 
should  have  some  means  of  making  up  this  loss  in  the  form  of  fresh  water,  either  by  carrying  it 
in  the  vessel,  or  evaporating  and  condensing. 

In  working  marine  boilers  at  the  high  pressures  now  so  common,  a  great  amount  of  ignorance 
is  often  displayed  by  the  engineers  to  whose  care  they  are  entrusted,  and  it  may  be  stated 
that  nearly  aU  the  cases  of  collapsed  ftimaces,  leaky  tubes,  &c.,  that  have  come  under  tiie 
notice  of  the  officers  of  this  sodety  since  the  introduction  of  the  high  pressures,  have  been 
traceable  to  improper  treatment. 

Rules  for  constructing  marine  boilers  are  laid  down  in  various  t«xt 
books,  and  the  two  sectional  views  of  a  modern  return  tube  boiler 
(Plate  VI.)  will  serve  to  give  a  general  idea  of  a  well  designed  boiler,  but 
it  will  of  course  be  understood  that  the  mountings  are  not  shown,  the 
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ftirnace  doors,  uptake,  &c.,  being  left  out.  The  end  plates  are  flanged 
both  for  forming  the  connection  with  the  shell  plating  and  with 
the  furnace,  according  to  the  most  approved  practice.  The  boiler  was 
constructed,  in  accordance  with  Lloyds'  rules,  in  1888  by  Messrs  W.  White 
and  Sons  for  the  steam  yacht  Linotte  from  designs  and  instructions  furnished 
by  the  owner,  M.  Perignon,  the  eminent  French  engineer.  Another  good 
boiler  fitted  to  the  steam  yacht  Speedy,  built  in  1895  by  Messrs  Bamage 
and  Ferguson  for  the  Baron  Barreto ;  and  that  of  the  Amazon,  and  made 
by  Messrs.  Day,  Summers,  and  Co.,  is  illustrated  on  Plates  VII.  and  VIII. 

Amongst  the  boiler  mountings  the  most  important  is  the  safety 
valve,  ample  rales  for  which  are  laid  down  by  the  Board  of  Trade  and 
Lloyd's  Society.  The  former  requires  that  there  shall  be  half  a 
square  inch  of  valve  area  to  each  square  foot  of  grate  area,  and  unless  the 
grate  area  be  less  than  14  square  feet  there  must  be  two  safety  valves 
to  each  boiler.  Ships  in  the  Royal  Navy  have  a  small  weighted  valve 
loaded  to  a  few  pounds  above  the  working  pressure.  This  acts  as  a 
warning  in  case  the  main  safety  valves  stick.  Steam  gauges  are  on 
the  Bourdon  principle.  They  should  be  placed  where  readily  seen. 
Check  or  non-return  valves  will  of  course  be  placed  on  all  feed  branches, 
both  from  main  feed  and  donkey  pumps.  Water  gauge  glass  and 
mountings,  and  try  cocks,  blow-ofE  cock,  scum  cock,  steam  whistle,  &c., 
all  require  attentioD,  but  the  limits  of  our  space  do  not  permit  us  to 
go  into  details  here.  For  clothing  boilers  hair  felt  is  very  commonly 
used,  but  it  is  likely  to  rot  if  it  gets  wet,  or  take  fire  when  dry. 
Silicate  cotton,  which  is  made  of  blast  furnace  slag,  blown,  when 
in  a  molten  state,  by  a  jet  of  steam  into  fine  thread-like  fibres,  is  an 
excellent  non-conductor,  proof  against  rot  and  inflammability.  It  is  apt, 
however,  to  crumble  in  course  of  time,  and  will  ultimately  become  a  fine 
dust.  Asbestos  fibre  is  probably  the  best  lagging  for  boilers,  but  is  some- 
what costly.  A  newly-introduced  substance  called  fossil  meal  has  also 
been  well  spoken  of. 

Hitherto  we  have  only  treated  of  the  return-tube  boiler,  which  is  all 
but  universal  in  English  sea-going  vessels.  Several  of  the  smaller  class  of 
ships  in  the  Royal  Navy,  in  which  it  is  necessary  to  keep  the  boiler  below 
the  water  line,  have  been  fitted  with  whau  is  known  as  the  gunboat  boiler. 
This  consists  of  a  cylindrical  outer  shell,  having  two  furnaces.  The  latter 
terminate  in  a  common  combustion  chamber,  on  the  further  side  of  which  is 
the  tube  plate ;  the  tubes,  in  place  of  being  returned  above  the  furnace, 
are  thus  carried  straight  on  to  the  back  end  of  the  boiler,  where  an  uptake 
is  fitted,  into  which  they  deliver.  There  is  generally  a  hanging  fire  brick 
bridge  in  the  centre  of  the  combustion  chamber,  in  order  to  distribute  the 
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heat  more  equally  through  the  tubes.  Excellent  evaporative  results  are 
obtained  with  this  type  of  boiler.  The  locomotive  type  has  been 
modified  to  suit  marine  practice,  and  was  brought  prominently  into 
notice  by  Thornycroft  and  Yarrow  in  their  fast  steel  launches.  Such 
boilers  are  always  made  of  steel,  and  their  great  advantage  is  their 
lightness.  Mr.  Alfred  Holt  has  stated  that  a  ton  weight  of  locomotive 
boiler,  will  produce  as  much  steam  as  6  tons  of  ordinary  marine  boiler ; 
but,  it  must  be  remembered,  the  conditions  of  running  are  dissimilar.  For 
some  time  it  was  hoped  by  engineers,  in  view  of  the  wonderful  per- 
formances of  torpedo  boats,  that  the  locomotive  boiler,  worked  in  conjunc- 
tion with  forced  draught,  would  bring  about  that  revolution  in  steam 
generation  so  long  expected.  The  experience  of  the  torpedo  ram 
Polyphemus,  however,  indicated  that  the  problem  was  more  difficult 
than  was  at  first  supposed;  and,  indeed,  few  are  aware  of  the  troubles 
that  attend  the  working  of  a  first-class  torpedo  boat  when  pressed  to  her 
highest  speed;  at  which  point  the  data  for  comparison  as  to  respective 
weights  of  boilers  are  generally  taken.  For  small  vessels  in  which  a 
good  artificial  draught  can  be  obtained,  either  by  the  exhaust  steam  in 
the  chimney  from  non-condensing  engines  or  by  fan  blast,  the  locomotive 
boiler  is  no  doubt  a  good  type  if  run  with  fresh  water.  The  flat 
surfaces  in  the  fire  box  are  not  difficult  to  stay  excepting  on  the  crown 
of  the  furnace.  Unfortunately  the  evaporation  here  is  very  rapid,  and 
with  a  fierce  fire  urged  by  a  powerful  blast  there  may  be  danger  of 
the  crown  plates  becoming  overheated.  Mr.  Yarrow  has  introduced 
an  ingenious  arrangement  of  crown  stays,  by  which  compensation  is 
allowed  for  expansion  and  contraction;  in  addition  to  this,  the  crown 
is  raised  near  the  tube  plate.  This  plan  keeps  the  top  covered  during 
motion  in  a  heavy  sea,  and  also  allows  for  the  expansion  and  contraction 
of  the  tubes.  The  latter  is  a  serious  difficulty  with  the  locomotive  type 
of  boiler  when  pressed  by  powerful  blast,  the  trouble  commencing  as  soon 
as  the  pressure  is  allowed  to  fall  or  the  fire  is  checked. 

Both  the  gun  boat  boiler  and  the  loco-marine  boiler  are,  however, 
fast  being  superseded  in  the  Royal  Navy  by  the  '^  Express  "  type  of  water 
tube  boiler;  indeed,  at  the  time  of  writing  (1896)  it  would  seem  that  shell 
boilers  of  any  kind  are  likely  soon  to  be  things  of  the  past  in  a  British 
war  vessel.  Not  only  are  cruisers  being  fitted  with  water  tube  boilers, 
but  line  of  battle  ships  are  also  to  have  them.  At  present  there  does  not 
appear  any  great  disposition  for  mercantile  practice  to  follow  this  bold  lead 
of  the  Admiralty  engineering  department.  A  few  owners  have  been  feeling 
their  way  in  a  tentative  manner  towards  water  tube  boilers,  but  the  results, 
up  to  the  present,  have  not  been  altogether  encouraging.     No  doubt  some 
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of  the  failures  that  have  taken  place  in  mercantile  ships  have  been  due  to 
untoward  events  not  aflEecting  the  main  design ;  but  when  this  has  been 
said  the  fact  remains  that  the  water  tube  boiler  has  yet  to  win  acceptance 
at  the  hands  of  British  shipowners. 

Water  tube  boilers  may  be  roughly  divided  into  two  classes — ^the 
express  or  quick  steaming  boiler,  and  the  ordinary  or  large  diameter  tube 
boiler.  The  former  are  generally  fitted  into  small  craft,  such  as  torpedo 
boats^  whilst  the  latter  are  suitable  for  ships  and  large  craft  generally. 
The  best  known  of  the  express  boilers  are  the  Thomycroft  and  the  Yarrow 
types,  so  called  after  their  respective  inventors.  As  will  be  seen  later, 
these  two  differ  essentially  in  design;  but  it  may  be  broadly  said  that 
all  other  types  of  express  water  tube  boiler  contain  the  leading  features  of 
either  the  Yarrow  or  the  Thornycroft  boilers.  There  are  variations  in 
details,  and  the  changes  are  rung  on  the  elementary  conditions,  but  it 
is  unnecessary  to  go  outside  the  two  types  mentioned,  at  any  rate,  for 
Ulustrations  of  principles. 

Among  the  larger  boilers,  the  Belleville  is  decidedly  the  best  known 
in  this  country,  having  been  brought  into  prominence  by  its  wholesale 
introduction  in  the  British  Navy.  The  Lagrafel  D^AUest  boiler,  perhaps, 
stands  next  in  prominence,  it  having  been  used  largely  in  France.  It 
is,  in  a  way,  a  shell  boiler  also,  the  flat  end  chambers  into  which  the 
tubes  pass  being  exposed  to  the  heat  of  the  furnace.  The  large  tube 
plates,  although  doubtless  well  stayed,  appear  to  the  writer  as  likely 
to  be  a  source  of  weakness  after  a  time ;  although  it  must  be  confessed 
that  no  serious  trouble  has  arisen  from  this  cause  up  to  the  present. 

The  express  boilers  are,  perhaps,  the  most  interesting  to  yachtsmen, 
and  we  will  deal  with  them  first. 

The  illustrations  set  forth  overleaf  in   Figs.  98,  99,  100,  and  101 
-are    respectively   a  front   elevation,  a    cross  sectional   elevation,   and  a 
longitudinal   section  of  a  Thornycroft  boiler,   of  what  is  known  as  the 
Speedy  type.     The  design  will  be  seen  to  consist  mainly  of  two  hori- 
zontal  cylinders    at  the  bottom,   and    a   larger   horizontal    cylinder    at 
the    top.     These  are  connected  firstly  by  a  large  number  of  bent  tubes 
or  pipes,  as  shown  best  in  Fig.  99,  and  two  larger  straight  tubes,  as  shown 
moBt  plainly  in  Fig.  98.     The  grate  is  enclosed  within  dwarf  fire  brick 
w^alls  at  the  sides,  with  a  higher  wall  at  the  front  end,  and  a  still  higher 
wall  at  the  back  end,  the  whole  apparatus  being  contained  within  a  light 
metail  casing  or  smoke  jacket.     Such  are  the  main  features  of  the  design ; 
but,  in  order  to  understand  the  method  of  operation  in  the  boiler,  it  is 
necessary  to  divide  its  functions  into  two  parts,  viz.,  those  relating  to  the 
-cauLTBe  of  the  smoke,  furnace  gases,  and  products  of  combustion  in  general. 
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We  will  deal  with  the  water  and  steam  first.  Turning  to  Fig.  98  it  will  be 
seen  by  the  position  of  the  feed  delivery  valve  that  the  feed  water  is 
pumped  into  the  large  upper  cylinder,  which  may  be  called  "the 
separator.^*  Before  lighting  fires  the  boiler  would  be  pumped  up  to  its 
normal  water  level,  or  about  a  third  way  up  the  separator,  as  shown  in 
Figs.  99  and  100.  When  water  was  first  pumped  in  it  would  flow  down  the 
two  big  diagonal  tubes  at  the  end  (these  we  will  call  the  "down-comers"). 


Fig.  98. 


and  into  the  two  horizontal  cylinders,  which  may  be  called  the  "  wing 
c}linders.'^  From  the  latter  the  water  would  flow  into  the  small  diameter 
bent  tubes  or  pipes,  to  be  called  the  "  generating  tubes."  It  will  be  seen, 
therefore,  that  when  the  water  is  at  a  given  level  in  the  separator — as 
indicated  by  the  ordinary  water-gauge  glasses  shown  in  Fig.  98 — ^it  will  be 
at  the  same  level  in  the  generating  tubes.  As  the  top  ends  of  the 
generating  tubes  open  into  the  separator  there  is  a  clear  right  of  way  for 
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water  (or  water  and  steam)  from  the  separator,  down  the  down-comers, 
throagh  the  wing  cylinders,  up  the  generating  tubes,  and  back  into  the 
separator  again.  This  is  the  course  actually  taken  by  the  feed  water, 
as  will  be  more  fully  explained  presently.  We  must  now  trace  the  course 
of  the  products  of  combustion  from  the  furnace  to  the  chimney. 

It  will  be  seen  by  Fig.  99  that  the  generating  tubes,  by  reason  of  the 
contour  to  which  they  are  bent,  inclose  an  arched  space  over  the  fire  bars^ 


Fig.  99. 


This  arched  space  is  closed  at  the  ends  by  fire  brick,  and  it  constitutes  the 
furnace.  It  is  well  to  observe  that  the  generating  tubes,  by  curving 
towards  each  other  at  the  crown  of  the  arch,  quite  protect  the  separator 
from  the  radiant  heat  of  the  furnace.  Heat  having  been  evolved  in  the 
fdrnace,  it  must  be  conveyed  amongst  the  generating  tubes  on  its  way  to 
the  chimney,  part  of  the  heat  being,  of  course,  absorbed  by  the  inner  part 
of  the  two  rows  of  generating  tubes  which  form  the  walls  of  the  furnace. 

o  2 
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The  way  in  which  these  generating  tubes  are  made  to  form  a  pair  of 
flues  is  very  ingenious.     We  may,   for  the  purpose  of  explaining   this 


Fig.  100. 


function   of  the   generating   tubes,  suppose   the  middle  series  of  tubes. 


«. 


a  a.  Pig,  99,  removed^  so  that  there  only  remains  the  outer  row  next  the 


Fig.  101. 

casing  or  smoke  jacket,  and  the  inner  row  next  the  furnace  6  b  Figs. 
99  and  101.     These  two  rows  form  the  walls  of  the  flues  which  convey  the 
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products  of  combustion  to  the  chimney.  It  will  be  evident,  therefore,  that 
each  tube  must  touch  those  on  either  side,  otherwise  the  flue  would  not  be 
smoke  tight.  It  is  necessary,  however,  that  the  products  of  combustion 
should  pass  from  the  furnace  into  the  flue  space,  and  this  is  effected 
through  triangular  openings  at  the  bottom,  where  the  generating  tubes  are 
let  into  the  wing  cylinders.  Fig.  101  illustrates  the  arrangement.  It  will 
be  seen  that  the  inner  row  of  generating  tubes  springs  from  two  rows  of 
holes,  and  that  the  tubes  are  bent  together  a  few  inches  from  their 
springing,  so  that  they  lie  together  with  their  axes  in  the  same  longitudinal 
plane.  A  little  consideration  will  show  that  this  is  a  necessity  of  the 
arrangement,  for  the  tubes  could  not  be  placed  side  by  side  at  the  bottom 
(supposing  they  are  to  touch  each  other),  as  the  holes  into  which  they  are 
expanded  naturally  require  some  spacing,  as  shown  in  Fig.  101.  The  tubes 
forming  the  outer  wall  of  the  flue  must  therefore  have  like  triangular 
spaces.  This  would  allow  the  escape  of  hot  gases  against  the  outer  casing; 
but  this  is  easily  remedied  by  the  application  of  a  little  fire  clay.  It  will  be 
seen  that  the  wing  cylinders  are  protected  from  contact  with  the  burning 
coals  by  fire  tiles  or  dwarf  walls  of  fire  brick. 

Having  got  the  heated  gases  and  products  of  combustion  into  the 
flues,  it  wiU  be  easily  understood  how  they  ascend  to  the  top  and  escape 
from  the  pipe-walled  flue  through  other  triangular  openings,  formed 
by  the  generating  tubes  being  let  into  the  separator  in  the  same  way 
as  they  are  to  the  wing  cylinders.  The  top  part  of  the  casing  forms  a 
suitable  smoke  box,  or  uptake,  to  which  the  chimney  is  attached.  The 
inside  series  of  tubes^  a  a.  Fig.  99,  are  not  bent  at  the  ends,  as  are  the 
outside  ones,  h  b  which  form  the  walls  of  the  flue.  Each  one,  therefore, 
stands  alone,  not  touching  its  neighbours,  and  the  heated  gases  are  allowed 
to  play  freely  round  them. 

Having,  we  trust,  made  clear  the  arrangement  so  far,  it  remains  to 
show  how  the  circulation  of  water  is  obtained.  This  is  a  factor  so  essential 
to  the  successful  working  of  a  water-tube  boiler  that  perhaps  it  will  be  well 
to  first  say  a  few  words  on  the  subject. 

If  we  take  the  boiler  of  our  ancestors,  the  simple  iron  pot  with  a 
closed  top,  we  have  a  vessel  for  generating  steam  in  which  circulation  is  of 
the  least  consequence.  The  evaporation  is  slow,  and  natural  convection, 
which  takes  place  whenever  water  is  heated,  is  not  checked  by  stays  or 
tubes.  The  bubbles  of  steam  as  they  are  formed  can  therefore  easily  force 
their  way  to  the  water  surface.  In  a  water  tube  boiler,  with  small 
diameter  tubes  of  any  considerable  length,  the  conditions  are  entirely 
reversed.  The  water  plane  in  each  tube  is  exceedingly  small,  the  genera- 
tion of  steam  is  remarkably  rapid,  owing  to  the  small  volume  of  water 
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a»cted  upon,  or  rather  to  the  excessive  area  of  heating  surface  compared  to 
the  volume  of  water.  The  result  is  that  when  steam  is  formed  in  the  lower 
part  of  the  tube,  supposing  the  tubes  are  arranged  vertically,  it  has  not 
time  to  pass  through  the  water,  and  it  therefore  lifts  the  latter  bodily, 
most  likely  forcing  it  right  out  of  the  tube.  If  a  separator  be  not  placed 
between  the  generating  tube  and  the  boiler  the  water  will  be  driven  into 
the  engine  cylinder.  It  was  for  this  reason  that  the  steam  and  water 
separators  of  various  forms  were  introduced  by  the  early  designers  of  pipe 
boilers,  whilst  some  endeavoured  to  reach  the  same  end  by  throttling  the 
steam.  But  these  inventors  did  not  sufficiently  appreciate  that  there  was 
another  result  which  would  follow  the  lifting  of  the  water,  hardly,  if  any, 
less  harmful  than  a  cylinder  full  of  water.  When  the  generation  of  steam 
is  so  rapid,  and  the  water  space  is  so  restricted  that  the  steam  cannot  rise 
through  it  readily,  the  water  gets  driven  to  the  upper  part  of  the  tube, 
being  supported  by  the  cushion  of  steam  below.  This  steam  becomes 
superheated,  and  so  much  so  that,  in  extreme  cases,  the  tube  might  become 
red  hot.  Of  course,  the  heavier  water  above  is  always  trying  to  get  to  the 
lowest  place  in  the  tube,  just  as  the  lighter  steam  attempts  to  get  upper- 
most ;  but  this  reversion  to  a  more  natural  state  of  affairs  is  prevented  by 
the  particles  of  water  as  they  descend  in  the  tube  becoming  evaporated 
almost  instantaneously,  and  before  they  can  get  to  the  lower  part  of 
the  tube. 

It  is  just  this  tendency  of  pipe  boilers  to  prime  with  violence  that 
Mr.  Thornycroft  has  taken  advantage  of.  The  action  is  as  follows  :  When 
the  heat  of  the  furnace  gets  to  the  lower  part  of  the  tubes  the  water  above 
is  driven  forward,  and  a  good  part  of  it  is  sent  over  into  the  separator  with 
the  steam  that  has  been  formed ;  the  steam  being  taken  away  to  be  used 
in  the  engine.  The  water  which  has  been  forced  into  the  separator  mixes 
with  the  cold  feed  water ;  the  two  supplies  flow  down  the  two  downcomers 
into  the  wing  cylinders,  and  thence  rise  again  to  be  evaporated  in  the 
generating  tubes,  thus  preventing  the  latter  from  becoming  unduly  heated, 
or  any  part  of  the  st^am  from  becoming  superheated. 

The  circulation  of  water  due  to  the  cycle  of  events  we  have  described  is 
the  prime  factor  in  the  success  of  the  Thornycroft  boiler.  The  rapidity  of 
this  circulation  naturally  depends  on  the  difference  between  the  specific 
gravity  of  the  comparatively  cold  water  in  the  downcomers,  and  the  hotter 
mixture  of  water  and  steam  in  the  generating  tubes. 

There  are  one  or  two  details  about  the  separator  to  which  reference 
may  be  made.  The  baffle  plate  shown  in  Fig.  100 — ^itis  represented  only  by 
a  line  in  the  cross  section  Pig.  99 — ^is  for  the  purpose  of  directing  the  water 
brought  over  to  the  separator  towards  the  bottom  of  that  vessel,  so  that  it 
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will  not  be  sucked  into  the  steam  pipe.  The  serrated  edges  are  of  a  form 
best  calculated  to  let  the  water  trickle  off,  thus  destroying  the  momentum 
with  which  it  was  ejected  from  the  pipe.  The  steam  pipe  itself  is  carried 
some  distance  inside  the  separator,  and  has  a  large  number  of  saw  cuts  on 
its  upper  part  to  prevent  an  excessive  rush  of  steam  to  any  one  point, 
A  circumstance  which  would  induce  priming.  The  absence  of  straining 
through  expansion  and  contraction  will  be  evident  from  the  formation  of 
the  generating  tubes.  Of  course  the  tubes  do  expaud  when  made  hotter, 
that  is  a  law  of  nature  they  must  obey  in  common  with  all  other  boiler 
tubes.  But  then  they  have  room  to  expand,  and,  supposing  one  wants  to 
•expand  more  than  others,  the  only  effect  is  that  it  becomes  a  little  more 
bent. 

A  very  exhaustive  series  of  experiments  have  been  made  with  the 
Thornycroft  boiler  by  Professor  Kennedy,  from  which  the  following  details 
Are  taken.  The  boiler  tested  was  that  of  a  torpedo  boat.  The  coal  burnt 
was  Nixon's  navigation,  having  a  calorific  value  of  14,900  thermal  units 
per  lb.  This  gives  a  theoretical  evaporation  of  15'4llb.  of  water  from  and 
at  212°  Pahr.  The  boiler  had  a  heating  surface  of  1837  square  feet  and 
a  grate  surface  of  30  square  feet ;  but  in  some  of  the  trials  the  grate  was 
partially  bricked  up.  The  engines  were  the  usual  type  of  triple  compound 
generally  used  on  torpedo  boats,  having  cylinders  14,  20,  and  31  ^in.  in 
diameter  by  16in.  stroke ;  all  cylinders  were  jacketed.  There  were 
separate  engines  for  the  circulating  pump  and  the  fan.  There  was  also  a 
separate  donkey  engine  and  steering  engine.  All  exhaust  steam  was 
-carried  to  the  condenser. 

The  result  of  the  trials  are  given  in  the  table  overleaf. 

The  results  recorded  show  that  boilers  of  this  type  are  remark- 
ably efficient  as  steam  generators;  indeed,  we  believe,  as  Professor 
Kennedy  claims,  that  the  trials  form  a  "  record  "  so  far  as  the  points  dealt 
with  are  concerned.  It  would  have  been  more  satisfactory  had  the  tests 
been  of  somewhat  longer  duration.  That  13"41b.  of  water  can  be  fairly 
evaporated  per  lb.  of  coal  (from  and  at  212°)  is  a  revelation  to  many 
•engineers,  and  the  natural  conclusion  of  some  will  be  that  a  great  deal  of 
priming  must  have  been  going  on.  A  careful  examination  of  the  figures 
does  not  tend  to  support  this  theory.  In  the  first  place  the  boiler  was 
working  at  a  remarkably  easy  rate  when  this  duty  was  attained,  burning 
only  7|lb.  of  coal  per  square  foot  of  grate  per  hour ;  whereas  on  another  trial 
nearly  671b.  were  burnt.  If,  in  the  first  instance,  there  had  been  priming, 
in  the  second  the  engines  would  not  have  been  able  to  have  been  run 
At  all.  It  is  to  be  regretted,  however,  that  no  practical  means  has  yet  been 
devised  by  engineers  for  determining  the  amount  of  priming  on  boiler  trials. 
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Should  any  yachtsman  be  enthusiastic  enough  to  test  the  evaporative 
efficiency  of  his  boilers  he  must  not  be  disappointed  if  the  duty  falls 
very  far  short  of  the  13 •41b.  evaporated,  as  above  quoted.  In  the 
first  place  he  will  not  be  evaporating  steam  from  and  at  212°;  and 
it  will  be  seen  that  under  the  conditions  of  actual  work  the  evaporation 
was  ll-221b.  of  water  per  lb.  of  fuel  per  hour.  The  "from  and  at  212° '"• 
is  a  convenient  standard  used  by  engineers  to  bring  different  boilera 
working  at  different  pressures  to  a  fciir  level  of  comparison.  The  figure 
obtained  is  the  result  of  calculation.  In  the  next  place  the  boiler 
was  very  much  favoured,  having  an  extremely  light  load  put  upon  it» 
Even  to  get  so  excellent  a  result  in  evaporative  efficiency  as  that  quoted,, 
it  would  not  pay  a  yachtsman  to  carry  about  a  big  boiler  which  would 
be  only  evaporating  IJlb.  of  water  per  hour  for  each  square  foot  of 
heating  surface,  in  place  of  the  4  to  4^1b.,  as  in  the  case  of  the  Meteor 
and  Tartar  hereafter  quoted.  It  will  be  seen,  too,  by  the  table  that 
although  the  boiler  performed  so  well  in  this  natural  draught  trial  it 
was  at  the  expense  of  the  engine  (perhaps  it  would  be  fairer  to  say 
the  engines  were  too  big  for  this  low  power),  for  the  fuel  economy  was 
not  so  good  in  trial  D.  (natural  draught)  as  in  trials  C.  and  B.,  when, 
however,  the  boiler  efficiency  was  not  so  high.  It  should  be  stated  here 
that  these  trials  were  not  made  to  test  the  economy  of  the  machinery  as  a 
whole,  but  solely  to  test  the  boiler. 

If  we  have  to  look  on  trial  D.  as  exceptional,  trial  E.  may  be  taken  a& 
a  fair  test,  although  it  might  have  been  further  prolonged  with  advantage^ 
In  this  trial,  when  the  draught  was  forced  to  2in.  water  pressure,  and 
nearly  671b.  of  coal  were  burnt  per  square  foot  of  grate  per  hour,  the 
actual  evaporation  was  nearly  91b.  per  lb.  of  coal,  equivalent  to  10'291b. 
from  and  at  212°  Pahr.  This  may  be  taken  as  a  better  result  than  is 
usually  obtained  by  ordinary  marine  boilers  even  when  working  with 
natural  draught.  The  respective  temperatures  of  the  chimney  gases  for 
the  two  trials  are  worth  noting.  This  evaporative  result  may  be  compared 
to  the  7ilb.  to  81b.  of  water  evaporated  per  pound  of  coal  in  the  case  of 
the  four  ships  tested  by  the  Research  Committee  of  the  Institution  of 
Mechanical  Engineers,  as  elsewhere  quoted  (see  page  250),  and  is  not  far 
frona  the  91b.  to  101b.  of  the  best  boilers  tested  at  the  celebrated  Newcastle 
trials  made  by  the  Royal  Agricultural  Society  in  1887.  The  fact  that  the 
Thomeycrof t  boiler  was  running  at  forced  draught  must  not  be  forgotten,. 
as  this  places  it  at  considerable  disadvantage  in  the  comparison. 

It  may  be  well  to  point  out  in  regard  to  trial  D.,  that,  although  the 
boiler  pressure  was  1811b.  the  initial  pressure  in  the  high  pressure  cylinder 
was   under  231b.,  which   would   indicate    that   the   steam  was   throttled. 
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This,  of  course,  was  against  the  engine  (and  also  in  some  respects  against 
the  boiler),  and  this  doubtless  accounts  for  the  low  duty  of  the  engine  on 
this  trial,  as  shown  by  the  weight  of  feed  water  required  for  each  unit  of 
power — viz.,  25*61b.  per  I.H.P.  developed;  but  it  must  be  again  repeated 
that  these  were  not  engine  tests  but  boiler  trials.  There  was  also  throttling 
in  the  other  tests. 


Fig.  102. 

We  have  not  data  suflBcient  to  enable  us  to  state  exactly  how  the 
Thorny  croft  boiler  compares  with  the  more  ordinary  types  in  the  matter  of 
weight  and  space  occupied.  In  the  former  respect,  however,  it  shows  a 
marked  superiority,  and  in  the  latter  it  has  perhaps  an  advantage.  The 
space  occupied  by  the  two  Thomycroft  boilers  of  the  first  class  torpedo 
boat  Ariete,  referred  to  on  page  267,  was  33ft.  of  the  length  of  the  vessel, 
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or  rather  33ft.  was  the  length  of  the  boiler  compartment.  The  H.P. 
with  forced  draught  being  1550  indicated.  The  engine-room  was  18ft. 
long.  With  regard  to  weight,  Mr.  Thomycroft  has  stated  at  a  meeting  of 
the  Institution  of  Civil  Engineers,  held  19th  November,  1889,  that  the 
weight  of  this  boiler,  including  water,  was  121b.  per  square  foot  of  heating 
surface,  as  compared  to  701b.  of  the  ordinary  marine  boiler.  An  oflBcial  of 
the  Danish  Navy,  who  has  had  some  experience  with  this  boiler,  gives 
the  weight  of  three  types  of  boiler,  including  water,  mountings,  and 
fittings,  as  follows :  Low  cylindrical  801b.,  locomotive  331b.,  and  water 
tube  (i.e.,  Thomycroft)   291b.  per  horse  power  developed  at  full  power 
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Fia.  103. 

forced  draught  trials.  Mr.  Thomycroft  gives  the  same  figures  in  reference 
to  a  boiler  weighing  9J  tons,  which  worked  to  700  H.P.  This,  however, 
he  stated  was  a  higher  duty  than  that  boiler  ought  to  have  been  put  to. 

Since  the  Speedy  type  of  boiler — and  it  is  to  this  type  that  reference 
has  up  to  now  here  been  made — was  introduced,  Mr.  Thomycroft  has 
modified  the  design  in  a  way  which  enables  a  battery  of  boilers  to  be 
worked  with  the  ship  in  a  more  compact  manner  than  is  possible  with 
the  orginal  plan.  This  newer  arrangement,  which  would  be  suitable  for 
large   yachts,  is    known    as  the    Daring   boiler,   after   the   torpedo   boat 
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destroyer,  in  which  it  was  first  tried.  Another,  and  still  later  development, 
is  the  launch  boiler,  a  simple,  light,  and  compact  design,  in  which  the 
generating  tubes  are  bent  round  and  support  the  fire.  In  this  way  the 
problem  of  water  fire  bars,  at  which  so  many  engineers  have  worked 
in  times  past,  has  been  solved;  for  this  type  of  boiler  has  worked 
satis&ctorily  during  a  fciirly  protracted  test.  An  illustration  of  this  boiler 
is  given  in  Pig.  102. 

The  Yarrow  boiler,  as  previously  stated,  differs  essentially  from  the 
Thomycroft  boiler.  There  is,  however,  some  resemblance  in  the  design, 
inasmuch  as  there  is  a  top  separator  connected  to  two  wing  chambers  by 
the  generating  tubes.  On  the  preceding  and  following  pages  in  Figs.  lOS 
and  104  are  given  two  views  of  the  Yarrow  boiler.  The  former  is  an 
end  elevation  partly  in  section,  and  the  latter  shows  the  water-containing 
part  of  the  boiler,  the  casing,  furnace,  Ac,  being  left  out.  Mr.  Thomy- 
croft, in  designing  his  boiler,  was  especially  careful  to  avoid  straight 
generating  tubes.  He  held  that  unequal  expansion  and  contraction,  due 
to  local  heating  and  cooling,  would  cause  leakage  at  the  tube  ends, 
and  here  he  was  orthodox  to  accepted  canons  of  scientific  boiler  design. 
Mr.  Yarrow  is,  however,  somewhat  of  an  iconoclast,  and  in  this,  as  well 
as  in  some  other  respects,  he  threw  over  orthodoxy.  He  further  abandoned 
a  second  great  principle  in  eliminating  the  down-comer  pipes;  the  only 
communication  between  his  top  cylinder,  or  separator,  and  the  lowet  wing 
vessels  being  by  way  of  the  generating  tubes.  Still  another  cherished 
convention  was  thrown  overboard  when  he  made  the  steam  generating 
tubes  deliver  into  the  separator  below  water  instead  of  above,  as  in  the 
Thomycroft  boiler.  It  will  be  seen,  therefore,  that  the  Yarrow  and  the 
Thomycroft  designs  represent  two  distinct  types  of  water  tube  boiler; 
and  as  the  differences  between  them  embody  some  leading  principles,  it 
will  be  convenient  to  examine  them  at  some  length. 

One  of  the  first  essentials  to  the  successful  working  of  a  water  tube 
boiler  is  efficient  circulation.  This  has  been  already  explained.  The 
Yarrow  boiler  has  no  down-comer  pipes  provided  especially  for  circulating 
purposes,  but  the  back  rows  of  steam  generating  tubes  serve  as  down- 
corners.  The  action  is  as  follows :  When  fires  are  first  lighted  the 
rows  of  pipes  nearest  the  furnace  get  hot  first,  and  the  water  in  them, 
being  thus  made  lighter,  ascends,  whilst  the  colder  water  in  the  back 
row  of  tubes  descends.  In  this  way  an  initial  circulation  of  a  com- 
paratively feeble  nature  is  set  up.  After  a  time  steam  is  formed,  first, 
of  course,  in  the  row  of  tubes  nearest  the  fire.  As  circulation  is  due 
to  difference  in  specific  gravity  of  the  contents  of  the  upcast  and  down- 
comer  pipes,  it  will  be  evident   that  as  soon  as  steam  is  formed  in  the 
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generating  pipes  the  circulation  will  be  greatly  accelerated,  a  mixture 
of  water  and  steam  being  so  much  lighter  than  an  equal  volume  of 
water  only.  Arguing  on  this  basis  the  advocates  of  separate  down- 
comers — ^and  they  are  very  numerous — maintain  that  the  Yarrow  boiler 
must  be  inferior  to  those  types  which  have  outside  down-comers.  They 
say  that  in  the  Yarrow  boiler  steam  is  apt  to  be  formed  in  the  back 
rows  of  tubes  which  act  as  down-comers.  With  high  rates  of  combustion 
it  is  sure  to  be  formed  there.  The  difference  in  specific  gravity  of  the 
two  columns  (i.e.  the  contents  of  the  upcast  and  downcast  pipes)  is  the  cause 


Fia.  104. 

-of  circulation^  and,  as  the  presence  of  steam  in  the  upcast  pipe  is  the  cause 
of  this  difference  in  specific  gravity,  any  generation  of  steam  in  the  down- 
cast pipes  must  detract  from  the  vigour  of  the  circulation,  thus  leading  to 
a  lower  rate  of  evaporation  and  also  to  danger  of  the  tubes  becoming  burnt. 
The  problem  may  be  stated  another  way.  The  tendency  of  bubbles  of 
steam  contained  in  water  is  to  rise,  and  in  rising  to  carry  water  upwards 
with  them.  In  the  upcast  pipes  that  leads  to  circulation,  but  when  a 
bubble  of  steam  tries  to  rise  in  a  downcast  pipe  it  struggles  against  the 
•current  and  checks  circulation.     It  is  true  a  bubble  in  the  downcast  pipe 
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may  be  carried  down  by  reason  of  the  npcast  pipe,  on  the  whole,  having 
more  bubbles  (circulation  having  thus  been  set  up  in  a  given  direction),  but, 
nevertheless,  the  said  bubble  does  its  best  to  check  circalation,  and  succeeds 
to  the  extent  of  its  power.  All  this  seemed  unanswerable  for  a  time,  until 
IAt,  Yarrow  Exhibited  some  experiments  which  upset  this  and  many  other 
established  theories.  We  have  not  space  to  even  enumerate  all  the  experi- 
ments shown,  but  one  will  serve  our  purpose.  There  was  an  apparatus  con- 
sisting of  a  cylinder  filled  with  water,  from  which  depended  two  tubes 
communicating  at  their  bottom  ends,  thus  forming  an  inverted  syphon. 
These  tubes  were  partly  of  glass,  so  that  the  course  of  circulation  could  be 
followed.  A  number  of  Bunsen  burners  were  applied  to  one  tube.  A,  and 
none  to  the  other,  B.  Steam  was  rapidly  formed  in  the  tube  A,  and  cir- 
culation was  thus  set  up,  the  current  ascending  in  A  and  descending  in  B, 
just  as  it  would  in  a  boiler  having  an  outside  down-comer.  An  equal 
number  of  burners  were  then  applied  to  tube  B,  thus  converting  the  experi- 
mental apparatus  into  the  semblance  of  a  Yarrow  boiler,  but  in  place  of  the 
circulation  being  checked  it  was  very  greatly  increased.  The  burners  were 
then  removed  from  the  first  tube,  A,  but  those  in  connection  with  tube  6 
were  kept  in  place,  and  in  spite  of  the  fact  that  all  the  steam  was  being 
formed  in  tube  B,  that  remained  the  downcast  pipe,  whilst  tube  A,  in 
which  no  steam  was  being  formed,  remained  the  upcast  pipe.  Circulation 
was  thus  being  carried  on,  apparently,  in  defiance  of  the  law  of  gravity. 
Of  course  this  was  not  so.  The  explanation  is  very  simple,  and  goes  far  ta 
illustrate  the  principles  of  circulation  in  water  tube  boilers.  Taking  the 
two  tubes,  A  and  B,  which  were  of  equal  length,  and  remembering  that 
circulation  has  already  been  established,  we  will  imagine  a  bubble  of  steam 
to  be  generated  in  B  (the  downcomer)  midway  between  the  top  and  bottom 
ends.  For  half  the  length  of  the  tube  that  bubble  of  steam  is  pulling 
against  the  circulation,  that  is  to  say  it  is  trying  to  ascend,  but  the  rush  of 
water  is  too  strong  for  it,  and  it  is  carried  to  the  bottom  of  the  inverted 
syphon.  As  soon  as  it  gets  round  the  corner  into  tube  A  it  acts  with  the 
current  in  trying  to  ascend,  and  so  enforces  circulation.  There  is,  however, 
this  difference,  that  whilst  it  acted  against  the  current  when  in  tube  B 
(where  it  was  generated)  for  half  the  length  of  the  tube,  it  acts  toith  the 
current  in  tube  A  for  the  whole  length  of  the  tube,and  thus  there  is  a 
balance  of  accelerating  power  equal  to  half  a  tube  available  for  maintaining 
circulation.  The  problem  is  a  little  complicated  by  certain  minor  con- 
ditions not  here  discussed  owing  to  limits  of  space. 

The  facts  above  stated  may  be  accepted  as  broadly  applicable^  and 
su£Bcient  for  practical  purposes.  To  work  the  matter  out  fully  in  a 
scientific  manner  it  would  be   necessary   to   take  into   consideration    the 
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influence  of  varying  pressure  (due  to  head)  on  the  steam  generated  at- 
alraost  constant  temperature,  the  effect  of  friction,  the  possible  results  of 
that  very  debatable  phenomenon,  surface  tension,  together  with  the  viscosity 
of  the  fluid  and  many  other  conditions  which  would  be  necessary  to  a 
quantitative  result  but  would  not  reverse  the  main  conclusion.  The  task 
would  be  a  most  interesting  one  for  any  yachtsman  having  at  his  command 
abundant  leisure,  great  perseverance,  a  well  equipped  physical  laboratory, 
and  the  scientific  attainments  needful  for  a  research  so  complicated. 

The  practical  effect  of  the  experiment  quoted  was  to  show  that  heatings 
a  down-comer  accelerates  circulation.  To  put  the  matter  practically,  it 
might  be  said,  that  as  one  mast  have  pipes  for  the  return  current,  why  not 
utilize  them  as  heating-surface  if  rather  good  than  harm  comes  from  the 
practice  ?  These  down-comer  pipes  cost  money,  occupy  space,  and  mean 
weight.  These  are  debit  factors ;  let  us  get  something  from  them  for  the 
credit  side.  To  prevent  misconception  it  should  be  pointed  out  that  there 
are  limits  to  this  reasoning,  though  these  limits  are  not  reached  in  general 
practice.  The  maximum  circulation  would  be  attained  when  the  difference  in 
specific  gravity  between  the  two  columns  would  be  greatest,  i.e.,  supposing 
one  column  all  steam  and  the  other  all  water.  With  such  a  condition 
reached  the  subsequent  formation  of  bubbles  in  the  down-comer  would  be- 
a  retarding  element,  for  these  bubbles,  while  in  the  down-comer,  would  act 
against  circulation,  and  could  do  nothing  more  to  assist  it  after  passing 
into  the  upcast  pipe,  as  the  latter  would  be  already  full  of  steam. 

There  are  two  other  main  points  to  notice  in  considering  the  relative 
positions  of  these  two  leading  types  of  water  tube  boiler — ^namely,, 
straight  tubes  as  against  bent  tubes,  and  drowned  tubes  as  against  above 
water  delivery.  The  former  point  may  be  dismissed  very  briefly^ 
Undoubtedly  the  straight  tubes  do  expand  and  bend  when  the  boiler  is 
steaming,  and  equally  without  doubt  they  do  not  always  resume  their 
absolutely  straight  form  after  cooling  down.  The  true  question  is,  how- 
ever, whether  this  bending  is  injurious.  In  the  first  place  it  should 
be  remembered  that  all  boilers  alter  their  shape  when  under  steam. 
In  shell  boilers  especially  the  stresses  due  to  expansion  and  contrac- 
tion are  often  very  marked;  in  fact  some  of  the  greatest  successes 
attained  with  torpedo  boats  in  past  times  have  been  due  to  the  fact  that 
the  loco-boilers  have  been  so  designed  as  to  allow  the  parts  to  alter 
in  shape  at  will — ^to  "  bellows  '*  as  it  was  called — ^rather  than  bind  them 
up  rigidly  by  stays,  &c.  Without  doubt,  flexibility  is  more  apparent 
in  the  bent  tube  boiler  than  in  the  straight  tube  variety,  but  if  the  stresses 
put  upon  the  straight  tubes  are  not  greater  than  the  metal  and  the  joints 
are  calculated  to  bear  easily,  the  objection  of  not  making  allowance  for- 
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expansion  and  contraction  does  not  coant  for  much.  It  would  be  useless 
to  theorise  upon  this  question.  We  have,  however,  a  certain  amount  of 
practical  experience,  and  so  far  as  that  goes,  it  would  seem  that  the 
stresses  put  upon  straight  tube  boilers  are  not  more  than  the  structure 
■can  bear.  The  writer  can  give  one  piece  of  personal  testimony.  The  day 
after  the  trial  of  the  Russian  torpedo  boat  destroyer  Sokol  he  made  a  close 
inspection  of  one  of  the  Yarrow  boilers  fitted  in  that  vessel.  These 
boilers,  it  need  hardly  be  said,  had  been  tested  in  a  way  that  rarely  falls 
to  the  lot  of  yacht  boilers,  as  the  Sokol  made  on  her  trial  what  was 
then  the  highest  speed  on  record.  In  the  boiler  referred  to,  however, 
although  the  tubes  were  very  slightly  bent  out  of  the  straight,  there 
was  not  the  sign  of  a  weep  at  any  of  the  joints;  in  fact,  there  was  every 
indication  that  the  structure  was  strong  enough  for  the  work  required 
from  it.  Certainly  the  old  loco-marine  boiler  would  not  have  gone 
through  the  ordeal  of  the  previous  day  with  so  little  ill  effect. 

Bent  tubes  have,  however,  some  advantages  aside  from  the  question 
of  expansion  and  contraction.  They  give  a  larger  percentage  of  heating 
surface  for  an  equal  number  of  joints.  It  is  possible  also  to  utilise  a 
greater  area  of  the  barrels  for  tube  attachment,  as  by  bending  the  ends  of 
the  tubes  they  can  always  be  brought  in  at  any  point  radially.  For  this 
reason  more  rows  of  tubes  can  be  inserted  with  the  bent  tube  arrangement. 
On  the  other  hand,  the  labour  and  consequent  expense  of  bending  is 
avoided  with  straight  tubes,  they  are  simpler,  are  more  easily  replaced, 
and,  moreover,  are  open  to  examination  and  cleaning  on  the  interior 
whilst  in  position. 

It  now  remains  to  consider,  the  relative  merits  of  drowned  tubes, 
as  in  the  Yarrow  boiler,  and  above  water  discharge,  as  in  the  Thornycroft 
type.  This  subject  takes  us  back  incidentally  to  the  problem  of  circula- 
tion. With  drowned  tubes  the  steam  generated  has  to  force  its  way 
through  the  water  in  the  separator  or  top  barrel.  In  other  words,  there 
is  a  head  against  circulation  due  to  the  height  of  water  in  the  barrel. 
It  should  be  remembered,  however,  that  if  there  is  a  head  exerting 
pressure  hindering  circulation  above  the  upcast  tubes,  there  is  also  a  head 
assisting  circulation  above  the  downcast  tubes,  so  that  the  two  may 
perhaps  neutralize  each  other  so  far  as  any  pair  of  tubes  may  be  concerned, 
but  there  are  in  ordinary  working  far  more  upcast  than  downcast  tabes. 
With  [undrowned  tubes  the  water  in  the  top  drum  offers  no  resistance 
to  the  discharge  of  steam,  but,  on  the  other  hand,  all  the  unevaporated 
water  carried  round  in  the  circulation  has  to  be  raised  an  additional 
few  inches,  so  as  to  bring  it  in  at  the  top  of  the  drum.  As,  according  to 
;some  experiments  of  Mr.  Thomycroft's,  the  volume  of  water  in  circulation 
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is  105  times  that  of  steam;  this  additional  load  on  th'e  energy  available 
to  produce  circulation  should  not  be  disregarded. 

The  main  objection  raised  against  drowned  tubes  is  that  water  may 
pass  down  any  of  them^  and  that  thus  an  upcast  tube  may  be  converted  into 
a  down-comer,  or  the  forces  tending  to  produce  circulation  may  be  so- 
closely  balanced  that  it  may  be  practically  destroyed,  and  the  tube  become 
burnt.  If  this  contention  could  be  established  it  would  be  fatal  to  drowned 
tubes ;  but,  so  far  as  can  be  judged  at  present,  the  objection  has  little  or 
no  force.  We  must  remember  first  that  the  difference  in  specific  gravity 
of  the  contents  of  two  or  more  tubes  is  the  cause  of  circulation.  We  will 
suppose  a  tube  to  contain  nothing  but  water.  It  would  then  be  a  downcast 
pipe,  and  would  be  naturally  safe  from  burning.  If,  however,  circulation 
he  checked  a  large  part  of  the  water  would  be  converted  into  steam,  and,, 
the  specific  gravity  of  the  mass  being  thus  lowered,  an  upward  circulation 
would  be  set  up.  Mr.  Yarrow's  experiment,  before  quoted,  illustrates  how 
circulation  reinforces  itself,  and  this  would  lead  to  the  supposition  that, 
however  feeble  might  be  the  initial  flow  in  any  one  pipe,  it  would  speedily 
become  very  rapid.  Experiment  has  shown  this  to  be  the  case.  Among- 
other  tests  made  by  Mr.  Yarrow  was  one  in  which  a  full-sized  section  of 
one  of  his  boilers  was  shown,  the  tubes  having  glass  lengths  let  into- 
them  and  the  casing  cut  away  so  that  observations  could  be  taken.  Steam 
was  raised  in  this  boiler,  and  the  whole  process  of  circulation  was  very 
prettily  shown.  At  first  there  was  the  sluggish  movement  of  the  water  due 
to  the  heating  of  the  tubes  nearest  the  fire,  which,  of  course,  carried  the 
ascending  current.  After  a  time  steam  began  to  form,  and  then  the  circu- 
lation was  much  increased.  As  the  hot  gases  penetrated  to  the  rows  of 
tubes  further  back,  they  in  turn  would  become  upcast  tubes,  until  at 
last  only  the  back  rows  acted  as  down-comers.  The  point  to  notice, 
however,  was  that  in  no  case  was  the  reversal  of  flow  from  down- 
wards to  upwards  other  than  instantaneous;  in  fact  from  the  time  the 
boiler  became  thoroughly  hot  the  circulation  in  every  tube  was  rapid  and 
vigOTOua. 

The  Thomycroft  and  the  Yarrow  boilers  have  been  dealt  with  at 
some  length,  becaase  they  best  illustrate  fundamental  principles,  and 
it  has  been  thought  advisable  here  to  deal  with  phenomena  that  are 
universal  in  application  rather  than  describe  individual  examples  of 
boiler  design.  At  the  present  time  new  inventions  are  being  brought  out 
almost  daily.  A  few  of  these  possess  merit,  but  it  may  be  safely  said  that 
the  majority  are  born  only  to  die  without  leaving  any  mark.  Of  those 
express  boilers  which  have  achieved  success  practically  the  whole  have 
been  introduced  in  torpedo  craft,  and  it  may  be  said  of  the  destroyers  that 
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not  one  of  them  could   have  reached  the  remarkable   speed   they   have 
attained  had  it  not  been  for  the  water  tube  boilers. 

Whether  water  tube  boilers  of  the  type  already  dealt  with  should  be 
applied  to  yachts  is  a  wide  question  upon  which  a  reply  of  universal  applica- 
tion cannot  be  given,  as  the  conditions  of  working  are  so  various.     Each 
case  must  be  considered  on  its  merits.     One  of  the  first  questions  an  owner 
should  ask  himself  is  :   "  How  will  his  engineer  regard  the  matter  ?  "    If 
the   engine-room   staff  are  against   ^^new   fangled  notions"  they  '^have 
not  been  brought  up  to,"  better  stick  to  the  old  style  or  else  get  a  fresh 
crew.     The  great  question  that  remains  to  be  solved  is  that  of  durability, 
and  to  attain  this  the  owner  must  make  up  his  mind  to  provide  for  an  ample 
and  sufficient  supply  of  clean  fresh  water  as  "  make  up  "  for  feed  purposes. 
This  can  be  done  by  distillers  or  by  carrying  fresh  water  in  tanks.     Water 
tube   boilers  are  very   nice   in   the   matter   of    '^feed."     Unless   this  is 
attended  to  their  constitutions  rapidly  deteriorate.     Water  tube  boilers  are 
easy  to  stoke,  and  the  quickness  with  which  steam  can  be  raised  without 
detriment  to  the  structure  is  an  especially  valuable  point  in  yachts.     We 
have  already  made  reference  to  the  questions  of  space  and  weight  occupied 
in  regard  to  the  Thomycroft  boiler,  and  may  add  here  some  figures  bearing 
on  these  subjects  as  affecting  the  Yarrow  design.     Messrs.  Yarrow  and  Co. 
have  recently  supplied  certain  water  tube  boilers  for  some  Dutch  cruisers 
in  which  ordinary  return  tube  boilers  are  also  to  be  placed.     There  are  in 
each  ship  eight  Yarrow  boilers  and  two  return  tube  boilers.    The  two  latter 
weigh,  with  water,  120  tons,  the  eight  water  tube  boilers  weighing  88  tons. 
In  both   cases    firebars    and   fittings    are   included,   but   not    chimneys. 
Without  going  into  details  it  may  be  stated  that  the  figures  as  to  weight 
work  out  as  follows :   For  each  unit  of  power  developed  there  will  be 
required  a  little  over  Icwt.  (1*0666)  of  return  tube  boiler  and  water.    With 
the  Yarrow  boilers  the  proportion  of  weight  to  power  will  be  0*234cwt.  to 
one  indicated  horse  power.     At  the  time  of  writing  the  trials  of  these  ships 
have  not  been  made,  but  the  results  are  calculated  on  well  ascertained  data. 
In  regard  to  space  the  return  tube  boilers  are  each  13ft.  in  diameter  by 
10'  6"  long,  exclusive  of  uptake,  which  adds  another  2ft.  to  the  length. 
The  Yarrow  boilers  are  9'  3"  high,  9'  3"  wide,  and   9ft.  long  over  casings. 
The  top  barrel  extends,  however,  1ft.  farther  at  each  end,  the  total  length 
of  the  latter  being  lift.     The  Yarrow  boilers  are  placed  three  abreast, 
occupy  rather  less  fore  and  aft  space  and  3'  9''  less  height. 

A  water  tube  boiler  for  steam  launches  and  torpedo  boats  has  been 
introduced  by  the  Liquid  Fuel  Company,  East  Cowes,  Isle  of  Wight. 
These  boilers  have  bent  tubes  somewhat  of  the  Thornycroft  form,  and  the 
furnace  is  so  arranged  that  either  petroleum,  coal,  or  wood  can  be  used. 
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All  the  pipes  and  other  parts  of  the  boiler  are  of  copper,  and  with  liquid 
fuel  the  boilers  can  be  used  for  months  without  any  cleaning  of  tubes^ 
there  being  no  soot  deposit,  as  the  combustion  is  practically  perfect.  The 
consumption  of  oil  is  from  1  pint  to  IJ  pints  per  I.H.P.  per  hour.  The 
cheapest  kind  of  oil  is  generally  used  at  a  cost  of  about  5(2.  per  gallon. 
The  extreme  lightness,  efficiency,  and  easy  management  of  this  steam 
raiser  has  brought  it  into  great  request.  The  boilers  are  made  of  all  sizes 
from  5  I.H.P.  up  to  500  I.H.P.  If  furnace  bars  are  fitted,  and  coal  used  as 
fuel,  there  would  be  a  reduction  of  about  15  per  cent,  in  the  I.H.P. 

This  liquid  fuel  boiler  must  not  be  confused  with  the  oil  motors,  of 
which  there  are  many  in  use,  the  best  known  being  the  Daimler  (Messrs. 
Sumners  and  Payne,  Southampton),  the  Vesper  (Messrs.  Vosper  and  Co., 
Portsmouth),  and  the  Priestman  (London).  These  motors  have  no  steam 
generator,  and  are  worked  on  much  the  same  principle  as  a  gas  engine. 
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Of  other  types  of  boiler  it  is  not  necessary  for  us  here  to  speak.  The 
old  vertical  boiler  has  all  but  disappeared,  althoagh  efforts  are  being  made 
to  introduce  a  new  pattern  of  upright  boiler,  which  is  undoubtedly  far 
superior  to  its  prototype ;  as  indeed  it  well  need  be. 

Having  given  a  short  description  of  the  steam  generating  apparatus, 
we  will  now  proceed  to  deal  briefly  with  the  engine  in  which  the  steam  is 
used.  In  the  ordinary  type  of  marine  engine,  the  admission  and  eduction 
of  steam  to  and  from  the  cylinders  is  effected  by  means  of  a  slide  valve, 
which  is  caused  to  travel  with  a  reciprocating  motion  on  the  cylinder  face 
by  suitable  connections  to  the  exterior  working  parts  of  the  engine.  By 
this  action  the  two  steam  ports  or  passages  are  alternately  opened  and 
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closed,  steam  being  thereby  admitted  into  the  cylinder  above  and  beW 
the  piston  in  turn ;  by  the  same  movement  the  eduction  or  escape  of  the^ 
spent  steam  is  effected.  Where  a  high  rate  of  expansion  is  required,  an 
additional  valve,  called  an  expansion  valve,  may  be  fitted ;  but,  for  the  end 
we  have  in  view  a  consideration  of  the  ordinary  single  ported  slide  valvfr 
will  be  sufficient.  It  is  not  necessary  for  our  immediate  purpose  to  describe 
accurately  and  in  all  its  details  an  engine  as  it  woald  require  to  be  arranged 
for  actual  work.  There  are  many  points  which  would  only  encumber  our 
description  of  first  principles,  but  which  are  absolutely  essential  to  the 
design  of  a  successful  steam  engine. 

Fig.  105  represents  a  sectional  elevation  of  the  cylinder,  slide  valve,, 
and  valve  case  of  an  ordinary  inverted  yacht  engine. 

Fig.  106  is  an  outside  view  of  the  same  cylinder,  the  valve  chest  cover 
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Fig.  106. 

and  slide  valve  having  been  removed,  so  as  to  show  the  steam  and  exhaust^ 
ports  and  the  face  upon  which  the  slide  valve  travels. 

Fig.  107  is  a  sectional  plan  of  the  same  cylinder,  slide  valve,  and  valve- 
chest.     The  same  letters  refer  to  the  same  parts  in  all  the  figures. 

When  it  is  required  to  start  the  engines  steam  is  admitted  from  the- 
boiler  to  the  interior  of  the  valve  chest,  and  it  must  be  remembered  that 
the  latter  is  constantly  subject  to  the  steam  pressure  as  maintained  in 
the  boiler.  The  slide  valve  fits  loosely  on  to  the  valve  rod,  and  it  is  the 
pressure  of  steam  at  the  back  of  the  valve  which  keeps  it  close  up  to  the- 
cylinder  face.  Both  the  cylinder  face  and  valve  face  are  carefully  planed 
in  order  to  ensure  the  perfect  contact  of  the  two  surfaces.  In  Fig.  105  the- 
piston  is  at  the  top  of  the  cylinder,  and  the  engine  would  stand  on  what^ 
is  called  its  top  centre.      The  slide  valve  is  covering  both  steam  ports>. 
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-thereby  catting  off  all  commnnication  between  the  valve  chest  containing 
the  steam  at  pressure  and  the  interior  of  the  cylinder.  If  the  slide  valve 
be  now  moved  downward  the  upper  steam  port  will  become  uncovered,  and 
steam  will  flow  from  the  valve  chest  into  the  upper  part  of  the  cylinder 
Above  the  piston.  The  latter  will  accordingly  be  driven  downwards,  and 
assume  the  position  illustrated  in  Fig.  108,  which  shows  the  position  of  the 
piston  and  slide  valve,  with  the  engine  at  half  stroke,  the  upper  steam  port 
being  open  to  the  fullest  extent,  and  the  steam  flowing  freely  into  the 
•cylinder.  It  is  necessary,  however,  not  only  to  admit  steam  to  the  cylinder, 
but  to  get  rid  of  that  steam  after  it  has  done  its  work.  By  reference 
to  Fig.  108,  it  will  be  seen  that  the  slide  valve  in  descending  has  opened 
up  a  communication  between  the  lower  steam  port  and  the  exhaust  port, 
so  that  the  steam  (which  would  have  been  admitted  on  the  previous  stroke 
to  raise  the  piston,  supposing  the  engine  had  already  been  at  work)  that 
liad  completed  its  task   might  find   a    means  of    exit.     The  passage  of 
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«teani  at  pressure  and  of  the  exhaust  steam  is  shown  on  the  illustration 
by  the  arrows.  The  slide  valve  is  now  over  both  the  lower  steam  port 
:and  the  exhaust  port,  forming  a  cover  to  shut  them  off  from  the  valve 
•chest,  but  putting  them  into  communication  with  each  other,  thus  allowing 
the  exhaust  steam  to  pass  from  the  cylinder  through  the  steam  port  into 
the  hollow  of  the  valve,  and  from  thence  through  the  exhaust  port  to 
the  exhaust  pipe  leading  to  the  open  air.  The  exhaust  port  is  a  passage 
•cast  in  the  metal  of  the  cylinder,  passing  beneath  the  cylinder  face,  and 
'Communicating  with  the  exhaust  pipe.  Referring  again  to  Fig.  108,  it  will 
he  seen  that  the  piston  C  is  in  the  centre  of  the  cylinder.  The  engine 
-crank  is  therefore  at  right  angles  to  the  line  of  travel  of  the  piston,"^  in 

*  As  ft  matter  of  fact,  the  orank  would  not  be  exactly  at  right  angles  to  the  piston  in  this 
poeition,  owing  to  the  obliquity  of  the  connecting  rod ;  bnt  the  description  is  sufficiently  near  the 
^rolh  for  oar  present  purpose. 
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which  position  the  engine  would  be  said  to  be  at  half-stroke.  The  piston 
wouldy  from  that  position,  continae  to  descend  until  it  reached  the  bottom 
of  the  cylinder.  The  slide  valve  has,  however,  completed  its  downward 
travel,  and  would  at  that  time  commence  to  ascend,  and  by  the  time  the 
piston  is  at  the  bottom  of  the  stroke,  as  in  Fig.  99,  the  slide  valve  will  have 
completed  half  its  upward  motion,  and  will  be  covering  the  two  steam 
ports,  shutting  off  the  cylinder  from  communication  with  both  the  steam 
chest  and  exhaust  port.  In  a  single  cylinder  engine  the  momentum  of 
the  fly-wheel  would  now  carry  on  the  action  for  the  short  time  that  there 
would  be  no  steam  in  the  cylinder,  and  the  slide  valve,  continuing  to 
ascend,  would  uncover  the  lower  steam  port.  Through  the  latter  steam 
would  flow,  and  the  same  action  would  follow  on  the  upward  stroke  as  has 
already  been  explained,  excepting  that  the  motions  would  be  reversed,  and 
the  upper  steam  port  would  form  the  passage  for  the  exhaust  steam. 
That  the  piston  and  slide  valve  do  not  travel  upwards  and  downwards 
simultaneously  is  obvious.  In  an  engine  arranged  as  the  one  we  are  now 
considering  (which,  as  has  before  been  remai*ked,  is  not  one  exactly  suited 
for  satisfactory  working),  whilst  the  piston  is  making  its  downward  stroke 
the  slide  valve  is  performing  the  second  half  of  its  descending  stroke  and 
the  first  half  of  ascending  stroke;  the  remaining  half  of  the  ascending 
stroke  and  its  first  half  of  the  descending  stroke  being  made  while  the 
piston  is  moving  upwards. 

The  means  by  which  the  reciprocating  motion  of  the  piston  is  con- 
verted into  the  rotary  motion  of  the  shaft,  through  the  cross  head, 
connecting  rod,  and  crank,  will  be  suflSciently  plain  to  anyone  examining 
an  engine  to  obviate  the  necessity  of  an  explanation.  The  action  by 
which  the  rotary  motion  of  the  shaft  is  again  converted  into  a  recipro- 
catory  movement  in  the  slide  valve  is  not  so  obvious,  and  a  consideration 
of  this  point  will  bring  us  to  the  questions  of  •'  lap  '^  and  ''  lead,'*  two 
very  important  features  in  steam-engine  economy.  In  by  far  the  greater 
number  of  marine  engines  the  slide  valve  is  actuated  by  means  of  one 
or  more  eccentrics.  For  the  present  we  shall  not  discuss  the  question 
of  double  eccentric  and  link  motion,  by  which  most  engines  are  reversed, 
but  will  suppose  our  engine  to  be  fitted  with  a  single  fixed  eccentric. 

By  referring  to  Fig.  105  it  will  be  seen  that  the  slide  valve  when  at  the 
middle  of  its  stroke  exactly  covers  the  two  steam  ports,  and  that  any 
movement  either  upwards  or  downwards  vsrill  open  one  of  the  ports  and 
admit  steam,  putting  the  other  port  in  connection  with  the  exhaust  port. 
Upon  consideration  of  the  movements  of  piston  and  slide  valve,  as  illus- 
trated in  Figs.  105,  108,  and  109,  it  will  be  seen  that  steam  is  only  shut  off 
from  entering  the  cylinder  as  the  piston  reaches  the  end  of  the  stroke  or,  aa 


The  Slide  Valve. 


215 


an  engineer  would  say,  '^ steam  follows  fall  stroke; "  and  that  steam  is  allowed 
to  escape  from  the  other  end,  also  antil  the  end  of  the  stroke.  This  is  an 
arrangement  very  undesirable  in  actual  practice ;  first,  because  the  whole 
fabric  of  the  engine  would  be  violently  jarred  on  each  reversal  of  the 
motion  of  the  piston ;  and,  secondly,  the  steam  would  be  used  very  waste- 
fully,  as  no  advantage  would  be  taken  of  its  expansive  property.  As  a 
matter  of  practice,  in  simple  marine  engines  not  fitted  with  expansion 
valves  steam  is  usually  admitted  only  whilst  the  piston  is  making  from  half 
to  seven-tenths  of  the  stroke,  the  rest  of  the  work  being  done  by  the 
expansion  of  the  steam  in  the  cylinder. 

Fig.  110  shows  the  same  cylinder  illustrated  in  Figs.  105  to  109,  but  the 
valve  has  been  altered  by  an  additional  piece  being  added  to  it  at  the 
top  and  bottom.  In  Fig.  110  these  pieces  are  shown  by  the  unshaded 
portions.  The  strips  added  extended  the  whole  width  of  the  valve,  and, 
for  the  sake  of  illustration,  we  will  suppose  they  measure  one  inch  each 


Fio.  no. 


Fig.  111. 


vertically.*     These   added   pieces    are  the   lap   of    the  valve,  being   the 
extent  that  the  valve  overlaps  the  ports  when  in  its  central  position. 

In  Fig.  110  the  piston  is  on  the  point  of  completing  the  upward  stroke, 
and,  were  there  no  lap  on  the  valve,  steam  would  have  been  admitted  up 
to  the  end  of  the  piston  stroke.  The  addition  of  lap,  however,  has  caused 
the  port  to  close  some  time  sooner,  and  the  last  part  of  the  upward  stroke 
must  have  been  performed  without  an  influx  of  steam  to  the  cylinder, 
having  in  fact  been  made  by  the  elasticity  or  expansive  property  of  the 
steam.  The  work  obtained  from  expansion  would  have  been  lost, 
through  the  steam  escaping  by  the  exhaust  port  at  almost  the  same 
pressure  as  it  entered  the  cylinder,  had  steam  been  carried  full  stroke. 

*  The  iUustratioDB  here  used  are  reduced  to  scale  from  the  working  drawings  of  an  IBin. 
cjlinder  marine  engine  with  16in.  fltroke.  The  lap  of  the  valve  was  lin.,  and  the  stroke  of  the 
ralve  3|in.     The  throw  of  the  eccentric  would  therefore  be  l|in. 
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There  is  yet  another  alteration  to  be  made  in  the  arrangement  in 
order  that  the  value  may  be  properly  adjusted.  Referring  again  to  Fig.  110^ 
it  will  be  noticed  that  the  piston  has  completed  the  upward  stroke  and 
requires  steam  above  it  to  make  the  descending  motion.  The  valye^ 
however,  has  yet  to  travel  downward  lin.  (the  amount  of  the  lap)  before 
the  upper  port  will  be  opened.  Unless,  therefore,  there  were  a  heavy  fly- 
wheel on  the  engine,  which,  by  its  momentum  would  carry  the  working 
parts  forward,  the  machinery  would  come  to  a  stop.  To  obviate  this  it 
will  be  necessary  to  shift  the  position  of  the  eccentric  on  the  shaft.  In 
Figs.  108, 109,  and  110  the  crank  and  eccentric  are  set  at  right  angles  to  each 
other,  and  whilst  there  was  no  lap  to  the  valve,  this  arrangement  answered 
well  enough.  Under  the  different  conditions  of  working  introduced  by 
the  addition  of  lap  to  the  valve,  it  will  be  necessary  to  alter  the  relative 
positions  of  crank  and  eccentric  from  right  angles  to  a  larger  angle.  In 
Fig.  Ill  the  eccentric  has  been  shifted  forward,  and  firmly  keyed  to  the 
shaft  in  its  new  position,  the  effect  of  this  having  been  to  bring  the  valve 
down  one  inch,  so  that  it  will  be  on  the  point  of  opening  the  exhaust 
port  when  the  piston  is  at  the  top  of  the  stroke.  The  same  movement 
will  naturally  result  on  the  commencement  of  the  up  stroke  when  the 
piston  is  at  the  bottom  of  the  cylinder.  The  eccentric  must,  however, 
be  set  forward  a  little  more  than  the  distance  due  to  lap,  in  order  to 
form  the  'Mead''  necessary  to  the  quiet  and  regular  running  of  the 
engines.  By  this  means  steam  will  be  admitted  above  or  below  the 
piston  just  before  the  end  of  the  stroke.  This  steam  forms  an  elastic 
cushion  or  buffer,  which  brings  the  piston  gently  to  rest  for  the  instant 
of  time  that  is  required  for  the  reversal  of  the  reciprocating  movement. 
This  is  the  process  that  is  referred  to  by  the  term  ''  cushioning  of  steam.'' 
Cushioning  may  also  be  caused  by  early  closing  of  the  exhaust ;  but  this 
point  need  not  be  considered  now. 

Having  considered  the  action  of  the  steam  in  the  cylinders,  we  will  now 
proceed  to  follow  it  up  after  it  has  passed  the  exhaust  port.  In  non-con- 
densing engines  the  exhaust  pipe  generally  discharges  into  the  chimney, 
in  order  to  force  the  draught.  Nearly  all  the  marine  engines  in  the  present 
day,  however,  are  surface-condensing.  The  weight  of  the  atmosphere  at 
sea  level  equals  roughly  about  151b.  to  the  square  inch,  and  the  exhaust 
steam  escaping  from  the  cylinder  of  a  non-condensing  steam  engine  has  to 
displace  an  equal  volume  of  atmospheric  air,  thus  giving  a  constant  back 
pressure  on  the  piston  equal  to  the  atmospheric  pressure.  In  cases  where 
the  nozzle  of  the  exhaust  is  reduced  for  forcing  the  draught,  the  back 
pressure  will  be  proportionately  greater.  If  in  place  of  allowing  the 
exhaust  steam  to  escape  into  the  air  we  conduct  it  to  a  closed  vessel^  and 
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sarround  this  vessel  with  a  constantly  running  stream  of  cold  water^  the 
temperature  of  the  steam  will  be  lowered  to  such  a  degree  that  it  will 
become  liquefied ;  and  as  water  only  occupies  a  sixteen  hundred  and  forty- 
second  part  of  the  space  which  would  be  filled  by  an  equal  weight  of  steam 
at  the  atmospheric  pressure,  the  remaining  space  in  the  condenser  becomes 
void,  so  that  the  exhaust  steam,  in  place  of  having  to  force  its  way  into 
the  atmosphere,  finds  an  unretarded  exit  into  the  partial  vacuum  of  the 
condenser.  It  will  not,  of  course,  be  understood  that  with  condensing 
engines  steam  is  usually  discharged  from  the  cylinder  at  atmospheric 
pressure ;  as  a  matter  of  fact  it  is  considerably  less.  In  consequence  of  air 
leakage  through  the  joints  and  connections  of  even  the  best-made 
machinery^  the  vacuum  may  be  affected;  in  addition  to  this,  a  certain 
quantity  of  air  is  present  in  all  water  in  a  natural  state,  and  this  air, 
coming  over  with  the  steam,  expands  and  farther  impairs  the  action. 
The  value  of  the  vacuum  obtained  in  this  manner  is  usually  expressed  in 
inches  on  the  barometer ;  2in.  equalling  roughly  a  pressure  of  about  lib. 
per  square  inch. 

Marine  condensers  are  of  two  kinds,  viz.,  of  the  jet  or  of  the  surface 
type.  The  condenser  is  composed  of  a  hollow  vessel,  into  which  the 
exhaust  steam  passes,  and  is  there  condensed  by  a  spray  or  jet  of  cold  water 
being  injected  into  it.  For  boats  running  in  fresh  water  the  plan  does 
not  possess  the  disadvantages  that  would  be  present  in  vessels  used  at 
sea,  when  the  condensing  water  would  necessarily  be  salt,  and,  mixing 
with  the  exhaust  steam,  would  be  pumped  into  the  boiler  as  feed. 

Surface  condensers  are  made  in  many  forms,  but  they  all  act  on  the 
principle  of  abstracting  the  heat  from  the  exhaust  steam  by  means  of  a 
stream  of  cold  water  passing  over  the  surface  of  metal  vessels  or  tubes, 
the  steam  being  on  one  side  of  the  metal  and  the  condensing  water  on  the 
other.  By  this  plan  the  condensing  water  and  the  water  condensed  from 
the  steam  are  not  brought  into  contact,  so  that  the  fresh  water  is  obtained 
for  feeding  the  boiler  even  if  the  refrigerating  water  be  salt. 

The  ordinary  marine  surface  condenser  is  composed  of  a  hollow  vessel, 
which  sometimes  takes  the  form  of  a  drum  or  cylinder,  closed  at  the  ends, 
and  which  has  a  number  of  tubes  running  through  it  in  a  line  parallel 
to  its  axis,  and  projecting  through  the  tube  plates.  Water  is  drawn 
from  the  sea  by  a  suitable  pump,  is  forced  through  the  tubes,  and  after- 
wards escapes  overboard.  The  exhaust  steam  from  the  engine  enters  the 
interior  of  the  drum,  and  is  condensed  by  being  brought  into  contact  with 
the  cold  surface  of  the  tubes.  This  arrangement  is  frequently  reversed, 
inasmuch  as  the  steam  may  be  passed  through  the  tubes  whilst  the  con- 
densing water  circulates  between  them  ;  but  it  is  obvious  that  the  principle 
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of  action  will  be  the  same  in  either  case.  In  the  best-arranged  machinery 
the  circulation  of  water  in  the  condenser  is  efEected  by  means  of  separate 
engines  working  a  centrifugal  pump.  The  advantage  of  this  arrangement 
is  that  the  pump  may  be  kept  at  work,  and  the  condenser  so  cooled,  whilst 
the  main  engines  are  at  rest,  and  a  Tacuum  is  thereby  formed  immediately 
the  exhaust  steam  from  the  main  engines  is  admitted  to  the  condenser 
upon  the  vessel  getting  under  way.  It  is  customary  in  the  larger  class  of 
engines  to  arrange  the  condenser  so  that  it  will  form  a  part  of  the  standard 
of  the  main  engines.  In  some  high-speed  vessels,  such  as  torpedo  boats, 
the  circulation  of  the  condensing  water  is  caused  by  means  of  the  speed 
with  which  the  vessel  travels:  a  short  scoop  projects  through  the  skin  of 
the  boat  below  water,  the  orifice  pointing  forward;  as  the  vessel  moves 
ahead  at  a  rapid  speed,  the  water  rushes  in,  and  by  its  momentum  is 
carried  through  the  condenser,  A  steam  jet  is  supplied,  acting  on  the 
principle  of  the  injector,  to  promote  circulation  when  the  vessel  is  at  rest. 
Messrs.  Yarrow  and  Co.  have  a  compound  condenser  in  which  the  re- 
frigerating water  is  supplied  partly  by  the  passage  of  the  boat  through  the 
water,  and  partly  by  a  separate  pump. 

A  surface  condenser,  formed  by  a  length  of  tube,  placed  outside  the 
vessel  below  water,  is  much  used,  even  for  vessels  of  considerable  size,  in 
the  United  States  and  Australia.  The  following  remarks  are  taken  from 
an  official  report,  made  by  Mr.  Isherwood,  of  the  United  States  navy,  on 
two  vessels  fitted  in  this  way : 

This  arrangement  makes  the  lightest  and  most  efficient  snrfaoe  condenser  possible,  and  is 
vastly  superior  to  an  inboard  surface  condenser,  avoiding  the  numerous  joints  between  the  tabes 
of  the  latter,  the  weight  and  bulk  of  its  shell,  the  weight  of  the  tube  plates,  and  weight  and  bulk 
of  a  pump  to  supply  refrigerating  water,  the  weight  and  bulk  of  the  injection  and  outboard 
delivery  valves,  and  the  possibility  of  air-leaks.  The  outboard  condensing  pipe  has  a  maximum 
snpply  of  refrigerating  water  of  the  temperature  of  the  seawater  on  every  portion  of  the  pipe 
thereby  requiring  much  less  condensing  surface  than  in  the  case  of  an  inboard  surface  condenser, 
over  whose  tubes  the  same  refrigerating  water  passes  successively  from  one  end  to  the  other  with 
continuously  increasing  temperature,  and  consequent  decreasing  condensing  efficiency.  In  large 
vessels  which  would  require  docking  for  an  examination  or  repair  of  the  outboard  condensing 
pipe,  such  an  arrangement  would  not  be  judicious  ;  but  to  a  small  vessel  like  a  launch,  cutter,  or 
yacht,  easily  taken  out  of  the  water  anywhere,  this  remark  does  not  apply.  The  resistance  of  the 
vessel  is,  of  course,  increased  by  the  outboard  condensing  pipe,  due  to  its  projecting  cross  section 
and  its  surface,  but  the  power  required  to  overcome  these  additional  resistances  is  much  less  than 
what  would  be  needed  to  work  the  pump  supplying  the  refrigerating  water  to  an  inboard  snrfaoe 
condenser. 

To  this  we  would  add  that  the  outboard  condenser  should  be  far  less 
costly  than  the  ordinary  condenser  with  its  circulating  pump,  and  it  can  be 
placed  so  as  to  be  protected  by  the  keel  in  the  event  of  the  vessel  grounding 
on  a  fair  bottom. 

The  water  of  condensation  is  drawn  from  the  condenser,  together  with 
such  air  and  uncondensed  vapour  as  may  be  present,  by  means  of  the  air 
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pamp^  and  is  delivered  into  an  open  vessel  called  the  hot  well,  from  whence 
it  is  taken  by  means  of  the  feed  pump  to  the  boiler,  where  it  will  be 
re-evaporated. 

Returning  to  the  action  of  the  steam  in  the  cylinder,  we  will  first 
describe  a  very  simple  method  of  finding  the  point  at  which  steam  is  cut 
off,  supposing  the  lap,  lead,  and  length  of  travel  of  the  slide  valve  are 
known. 

Describe  the  circle  ABC,  Fig.  112,  the  diameter  of  which  equals  the 
travel  of  the  slide  valve,  and  with  the  centre  of  this  circle  as  a  centre 
describe  the  circle  D  E,  the  radius  of  which  equals  the  lap  of  the  valve. 
With  the  point  B  as  a  centre  describe  a  circle,  the  radius  of  which,  B  G, 


equals  the  lead  of  the  valve.  Draw  the  straight  line  F  C  a  tangent  to  the- 
circles  G  and  D  E.  From  the  point  C,  where  the  line  F  C  cuts  the  circle 
ABC,  draw  the  line  C  H  at  right  angles  to  A  B.  The  point  H  will  be 
the  mean  point  cut  off  of  the  valve,  A  B  representing  the  whole  travel  of 
the  valve.  This  graphic  method  of  determining  the  point  of  cut  off  of 
a  common  slide  valve  obviates  a  great  deal  of  calculating,  and,  as  for 
general  purposes  the  mean  cut  off  is  what  is  required,  the  diagram  is 
simplified  by  neglecting  the  obliquity  of  the  connecting  and  eccentric  rods* 
Leaving  out  the  disturbing  influence  of  ^^port  and  clearance,"  the- 
ratio  of  expansion  of  steam  is  determined  by  the  space  in  the  cylinder  swept 
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by  the  piston  up  to  the  point  of  cut  off,  compared  to  the  total  space  swept 
by  the  piston.  Whether  the  expansion  takes  place  in  one  cylinder,  as  in 
simple  engines,  or  in  two  or  more  cylinders  on  the  compound  system,  the 
principle  is  the  same.  Thus,  if  we  have  a  cylinder  of  any  pven  capacity 
with  a  slide  yalve  arranged  to  cut  off  steam  at  half  stroke,  the  ratio  of 
expansion  would  be  2,  for  the  space  occupied  by  the  steam  at  the  end  of 
the  stroke  would  be  twice  that  which  it  occupied  at  the  point  of  cut  off.  If, 
however,  for  the  purpose  of  further  expanding  the  steam,  the  engine  should 
be  compounded  by  adding  a  second  cylinder,  say  of  three  times  the  area  of 
the  first,  but  of  the  same  length  of  stroke,  the  ratio  of  expansion  would 
be  6 ;  for  the  steam  would  ultimately  become  expanded  into  six  times 
its  original  volume  at  the  point  of  cut  off  in  the  high-pressure  cylinder, 
having  doubled  its  volume  in  the  high-pressure  cylinder,  and  again  trebled 
this  volume  in  the  low-pressure  cylinder.  In  this  case  no  allowance  has 
been  made  for  steam  in  passages  and  clearance  spaces,  or  for  condensation 
in  the  cylinder,  details,  however,  which  materially  affect  actual  work  done. 

The  pressure  of  steam  is  approximately  in  the  inverse  ratio  to  its 
volume.  For  example,  a  cubic  inch  of  steam  at  401b.  pressure  will  be 
reduced  to  201b.  pressure  if  expanded  into  two  cubic  inches,  or  101b. 
pressure  if  into  four  cubic  inches.  By  the  foregoing  explanation,  it  will 
be  seen  that,  given  the  cross  sectional  area  of  cylinder,  length  of  stroke 
oi  the  piston,  initial  pressure  of  steam  in  the  cylinder,  and  the  amount 
of  lap  and  lead  on  the  slide  valve,  we  can  determine  theoretically  the 
amount  of  steam  consumed  per  stroke,  the  ratio  of  expansion,  and  the 
terminal  pressure  of  steam  in  the  cylinder.  The  calculations  will  not 
•of  course  give  practically  correct  results;  for  the  absolute  work  done 
by  the  steam,  it  will  be  necessary  to  take  indicator  diagrams  from 
both  cylinders,  and  the  nearer  the  results  so  attained  approach  the 
theoretical  results,  the  better  will  be  the  design  and  workmanship  of 
the  machinery. 

For  the  purpose  of  giving  a  practical  illustration  of  what  has  been 
43tated,  we  will  calculate  theoretically  the  ratio  of  expansion  of  steam  in  the 
engines  of  a  small  yacht  we  recently  had  under  trial.  The  initial  pressure, 
or  pressure  at  which  steam  entered  the  high-pressure  cylinder,  was  621b. 
per  square  inch  above  the  atmosphere,  or  771b.  absolute — ^that  is,  above 
zero.  Steam  was  admitted  for  seven-tenths  of  the  stroke  when  it  was  cut 
off  by  the  slide  valve,  and  the  rest  of  the  work  performed  by  it,  both,  in 
the  high  and  low  pressure  cylinders,  was  due  to  expansion.  The  diameter 
of  the  high-pressure  cylinder  was  17in.,  and  the  stroke  or  space  swept  by 
the  piston  21in.  Taking  the  area  of  a  circle  of  17in.  in  diameter^  and 
multiplying  it  by  21,  we  get  the  content  of  the  cylinder  in  cubic  inclies. 
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The  area  of  the  cylinder  in  this  case  is  226*9  x  21  =  4764*9^  which  is. 
the  capacity  of  the  cylinder  in  cubic  inches.  Steam,  however,  was  only 
admitted  for  seven-tenths  of  the  stroke  =  14'7in.  If  we  multiply  this  by 
the  area  of  the  cylinder  in  square  inches,  the  product  will  be  the  cubic 
inches  of  steam  at  the  initial  pressure  taken  by  the  engine  at  each  stroke,. 
14-7  X  226-9  =  3335-43.  By  dividing  this  by  the  capacity  of  the  cylinder 
in  cubic  inches  we  get  the  ratio  of  expansion  in  the  high-pressure 
cylinder  g^^.^  =  1*428,  which  was  the  ratio  of  expansion  in  the  high- 
pressure  cylinder  alone  in  the  engine  under  consideration.* 

To  ascertain  the  total  expansion  of  steam  in  both  (flinders  we  find 
the  proportion  the  capacity  of  the  low-pressure  cylinder  bears  to  that  of 
high-pressure  cylinder,  and  multiply  it  by  the  ratio  of  expansion  in  the 
high-pressure  cylinder.  In  the  present  case  the  capacity  of  the  low- 
pressure  cylinder  is  16,888-2  cubic  inches,  which,  divided  by  4764-9  (cubic 
inches  in  high-pressure  cylinder)  =  3-50,  being  the  proportion  of  low  to 
high-pressure  cylinder.  By  multiplying  this  by  the  ratio  of  expansion  in 
the  high-pressure  cylinder  we  get  the  total  expansion,  3-50  x  1*42  =  4-97, 
which  is  the  number  of  times  the  steam  is  expanded  in  both  cylinders,  or- 
the  total  ratio  of  expansion.  If  we  divide  the  initial  pressure  by  the  total 
ratio  of  expansion,  we  get  theoretically  the  terminal  pressure  of  the  low- 
pressure  cylinder. 

So  far  wo  have  treated  of  a  few  elementary  principles  of  the  steam* 
engine.  The  illustrations  have  been  divested  of  all  details  not  absolutely 
necessary  for  explanation,  and  therefore  accurate  results  would  not  be* 
obtained  by  estimating  the  power  of  engines  simply  on  the  rules  here  laid 
down.  It  is  by  the  study  of  diagrams  taken  by  means  of  the  indicator- 
that  a  satis&ctory  knowledge  of  the  work  done  by  the  engine,  and 
the  arrangement  of  the  machinery,  whether  good  or  bad,  can  be- 
obtained. 

The  steam-engine  indicator,  the  original  introduction  of  which  is  due- 
to  the  prolific  genius  of  James  Watt,  has  done  more  towards  advancing  the- 
science  of  steam  engineering  than  any  other  invention ;  indeed,  it  would 
hardly  seem  unreasonable  to  question  whether  steam  engineering  could  be- 
classed  as  a  science  at  all  but  for  the  aid  of  this  little  instrument,  without 
which  much  that  is  now  plain  to  us  would  have  been  unknown.  The 
primary  use  of  the  indicator  is  to  measure  the  power  exerted  by  the  steam- 
engine  operated  upon.  The  power  thus  measured  is  known  as  the  indicated 
horse-power,  and  is  the  result  of  the  total  power  developed  by  the  steam 
from  the  time  it  passes  into  the  engine  until  it  is  finally  delivered  to  the 

*  This  is  a  low  rate  of  expansion,  and  the  engines  would  have  been  improyed  by  an  earlier 
cnt  off. 
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exhaust  port.  The  total  indicated  horse-power  of  an  engine  is  by  no 
means  the  power  that  is  available  for  the  propulsion  of  a  vessel,  as  the 
friction  of  the  engine  and  the  driving  of  the  different  pumps,  &c., 
absorb  a  certain  amount  of  energy.  To  find  the  actual  power  available 
for  propelling  the  vessel,  recourse  must  be  had  to  the  use  of  the 
dynamometer,  the  application  of  which  is  both  costly  and  troublesome, 
whereas  indicator  diagrams  can  be  taken  without  disturbing  the  ordinary 
running  of  the  engines.  These  diagrams  also  give  indications  of  any 
defects  arising  from  faulty  side-valve  arrangement  and  consequent  bad 
distribution  of  steam ;  what  proportion  the  initial  pressure  of  steam  in  the 
cylinder  bears  to  the  boiler  pressure,  and  consequently  whether  there 
is  any  *'  wire-drawing "  on  account  of  insufficient  area  of  steam  pipe  or 
cylinder  ports,  &c. ;  whether  there  is  leakage  of  steam  past  the  piston,  or 
undue  liquefaction  in  the  cylinder;  the  quality  of  vacuum;  in  fact,  to  an 
experienced  engineer,  there  is  scarcely  a  fault  that  can  occur  in  the 
motive  part  of  a  steam  engine  to  which  a  clue  will  not  be  revealed  by 
a  study  of  the  indicator  diagrams.  Having  said  this  much,  it  can  hardly 
be  necessary  to  impress  on  the  amateur  engineer  the  utility  of  mastering 
the  use  of  the  indicator,  and  the  following  notes  are  penned  with  a  view  to 
assisting  to  this  end. 

The  Bichards  indicator  being  still  the  standard  instrument  (although 
some  excellent  indicators  have  been  introduced  of  late  for  special  high 
speed  work),  it  is  to  this  that  reference  will  be  made  in  the  following 
notes,  and  which  is  illustrated  in  Fig.  113.  The  indicator  is  attached  at 
A  to  the  cylinder  of  the  engine  to  be  operated  upon,  or  more  generally  to 
the  branch  pipes  leading  from  the  cylinder.  B  is  a  cock,  by  opening  which 
a  communication  is  established  between  the  engine  cylinder  and  indicator 
cylinder  CC.  In  the  illustration,  one  side  of  the  cylinder  is  removed  in 
order  to  show  the  internal  arrangement.  D  is  a  piston  fitting  the  cylinder 
sufficiently  close  to  prevent  serious  leakage  of  steam,  but  at  the  same  time 
working  easily  enough  to  obviate  any  appreciable  friction.  Above  the 
piston  is  placed  a  coiled  spring,  so  arranged  as  to  exert  a  certain  definite 
resistance  in  the  event  of  the  piston  rising  or  falling.  A  piston  rod  works 
through  the  cylinder  cover,  being  attached,  by  means  of  the  link  E  at  its 
upper  extremity,  to  the  lever  F,  the  fulcrum  of  which  is,  at  G,  carried  on 
the  bracket  H.  The  end  of  F  is  attached  to  the  link  I,  and  the  latter  is 
again  connected  to  the  radius  arm  J  working  on  the  bracket  K.  In  the 
centre  of  the  link  I,  and  at  right  angles  to  it,  is  placed  a  pencil,  L,  com- 
posed of  a  small  piece  of  brass  wire.  M  is  a  drum,  upon  which  the  paper 
is  wound  which  is  to  receive  the  diagram.  When  the  apparatus  is  working, 
this  drum  makes  a  partial  revolution  on  its  axis,  but  when  there  is  no  strain 
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on  the  cord  N,  it  is  kept  in  a  certain  definite  position  by  means  of  a  spring 
in  the  interior  and  stop  on  the  outside.  N  is  a  cord,  one  end  of  which  is 
fastened  to  the  drum,  the  other  end  being  carried  away  to  attach  to  some 
working  part  of  the  engine.     The  cord  makes  one  turn  round  the  drum, 


as  may  be  seen  by  reference  to  the  illustration.  The  diagrams  are  taken 
on  paper  specially  prepared  for  the  purpose.  This  paper  is  mounted 
on  the  drum  by  slipping  it  under  the  narrow  strip  of  metal  on  which 
the  scale  is  marked,  as  shown  in  the  figure.  The  area  of  the  indicator 
piston  in  the  Richards  Indicator  is  half  a  square  inch;  and  it  will  be 
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obvious,  that,  when  the  cock  B  is  open,  whatever  pressure  there  may  be 
in  the  engine  cylinder  and  pressing  on  the  engine  piston,  there  will  also 
be  a  corresponding  pressure  on  the  indicator  cylinder  and  pressing  upwards 
the  indicator  piston.  Thus,  if  the  pressure  in  the  engine  were  801b.  to 
the  square  inch  (or  401b.  to  half  a  square  inch),  the  indicator  piston  would 
receive  an  upward  pressure  equivalent  to  401b.  The  spring  above  the 
piston  is  made  of  such  a  strength  that  it  will  be  compressed,  and  allow  the 
piston  to  travel  upwards  (or  be  extended  downwards  if  subject  to  vacuum)^ 
a  certain  defined  distance  for  every  pound  pressure  that  is  put  upon  it.  Each 
indicator  is  provided  with  a  number  of  springs,  saitable  for  the  varying 
pressures  of  steam  that  may  be  used.  These  springs  are  interchangeable.* 
Whilst  the  indicator  is  in  use  the  piston  may  be  said  to  be  subject  to  two 
forces,  that  resulting  from  the  pressure  of  the  spring  above,  and  that 
resulting  from  the  pressure  of  the  steam  below.  In  the  event  of  there 
being  a  vacuum  in  the  engine  cylinder,  the  spring  will  be  in  tension,  and 
the  indicator  piston  will  therefore  be  drawn  downwards.  For  the  sake  of 
simplifying  our  explanation,  we  will  at  present  refer  to  non-condensing 
engines  only,  in  which  the  pressure  in  the  cylinders  would  not  fall  below 
the  atmospheric  pressure.  We  shall  consider  the  subject  of  vacuum  later  on. 
Supposing,  now,  it  were  requisite  to  take  indicator  diagrams  from  an  engine, 
the  maximum  pressure  in  the  cylinder  being  about  801b.  to  the  square  inch. 
We  should  place  in  the  indicator  spring  No.  7>  which  is  adapted  to  register 
pressures  from  that  of  the  atmosphere  up  to  1 001b.  per  square  inch,  and 
will  be  compressed  one-fourth  of  the  thirty-second  part  of  an  inch  for 
each  ilb.  pressure  that  the  piston  is  subject  to ;  it  being  remembered  that 
the  indicator  piston  is  half  a  square  inch  in  area,  and  therefore  the  total 
pressure  on  the  piston  is  only  equal  to  half  the  registered  steam  pressure. 
The  motion  upwards  of  the  indicator  piston  will  therefore  be  the  one 
hundred  and  twenty-eighth  part  of  an  inch  for  each  pound  pressure  on  the 
square  inch  in  the  engine.  The  piston,  in  travelling  upwards,  will  carry 
with  it  the  lever  P,  and,  by  means  of  the  link  I,  the  pencil  L.  The  latter, 
however,  will  rise  four  times  the  distance  traversed  by  the  piston,  as  F  is  a. 

*  The  spriDgs  are  made  to  ten  scales,  as  follows  : 

"KT^  1    (  i  JJich  on  the  scale  represents  lib.  pressure  on  the  )      ,  _  ^ 

N^^'i  square  inch,  indicates  from  ....^  j -15  to  +  10 

,,    2.     j\r -15„  +  22 

„    3.     -,V  -15„  +  35 

»    4.     ^  -15„  +  47 

»    5.     ^  -15,.  +  60 

V    6.     ^  —15,.  +  80 

„    7.    •j'j  Atmosphere,,  +  100 

»    8.     J^  „  +  125 

,,    9.     -j^,  „  +  150 

»10.     Thi  .«  +175 
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lever  of  the  third  order,  the  power  being  at  E,  and  the  arms  of  the  lever 
are  in  the  proportion  of  four  to  one.  The  reason  this  greater  travel  of  the 
pencil  is  given  is  in  order  that  a  fair-sized  card  may  be  taken,  with  com- 
paratively small  movement  of  the  spring  and  working  parts  of  the 
indicator.  In  the  original  instrument  the  pencil  was  attached  rigidly  to  the 
piston  rod  by  means  of  a  short  arm,  the  paper  drum  being  placed  higher 
and  closer  to  the  cylinder  for  the  purpose.  This  plan  answered  well 
enough  so  long  as  low  pressures  and  a  small  number  of  revolutions  per 
minute  were  required  to  be  recorded;  but  the  higher  pressures  and 
quicker-running  engines  of  more  recent  times  rendered  the  dieigrams  taken 
with  the  original  type  of  indicator  useless.  This  followed  from  the  vibra- 
tion caused  in  putting  in  motion  the  long  spring  required  in  order  to  get  a 
diagram  sufficiently  large  when  the  pencil  had  only  the  same  travel  as  the 
piston;  the  momentum  of  the  heavier  moving  parts  necessary  in  the  old 
instrument  at  the  same  time  adding  to  the  defect.  The  short  stiff  spring 
and  lighter  reciprocating  parts  of  the  Richards  indicator  will  allow  of 
results  being  obtained  from  engines  working  up  to  the  highest  pressures 
now  in  use,  when  running  at  very  considerable  piston  speeds.  In  some  of 
the  extraordinary  high-speed  engines,  however,  that  have  been  introduced 
within  the  last  few  years,  such  as  those  in  torpedo  boats,  even  the  Richards 
Indicator  has  not  been  found  sufficient,  and  a  new  instrument,  the  inven- 
tion of  Mr.  Darke,  and  also  another,  the  Crosby  Indicator,  which  is  on  the 
whole  best  adapted  to  very  high  speeds,  have  been  introduced.  To  return 
to  our  explanation.  The  arm  J,  the  lever  F,  and  the  link  I  form  a  parallel 
motion  for  the  pencil  L ;  that  is  to  say,,  by  this  arrangement  the  pencil  is 
moved  in  a  parallel  with  the  line  of  travel  of  the  piston.  The  arms 
K  and  H  are  mounted  on  a  sleeve  or  outer  covering  to  the  cylinder,  which 
wiU  slide  or  partially  revolve  on  the  latter,  so  that  the  whole  parallel  motion 
and  the  pencil  attached  can,  by  hand,  be  withdrawn  from  or  pressed  against 
the  paper  at  will;  or  the  cylinder  is  made  in  two  parts  with  the  same  object. 
So  far  we  have  described  the  manner  in  which  a  vertical  line  drawn  on  the 
card  by  the  pencil  will  demonstrate  the  highest  pressure  of  steam  in  the 
engine.  It  is,  however,  the  office  of  the  indicator  to  record  the  steam 
pressure  within  the  cylinder  at  every  portion  of  the  stroke.  In  order  to 
accomplish  this,  the  cord'N  is  fa-stened  to  some  working  part  of  the  engine, 
which  makes  its  stroke  simultaneously  with  that  of  the  piston.  In  simple 
non-condensing  engines  the  main  cross-head  is  the  usual  point  of 
attachment.  It  will  be  remembered  that  the  cord  makes  one  turn  round 
the  drum  on  which  the  paper  is  mounted ;  it  will  therefore  be  seen  that, 
when  the  string  is  drawn  downwards  by  the  working  of  the  cross-head, 
the  drum  will  make  one  revolution  or  partial  revolution  on  its  axis,  and  on 
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the  return  stroke  of  the  engine  the  string  will  be  slackened^  and  the  drum 
will  be  brought  back  to  its  original  position  by  the  spring  already  referred 
to  as  being  contained  within  it.  When  the  string  is  attached  to  the  engine 
cross-head,  the  motion  has  to  be  reduced  to  suit  the  circumference  of  the 
paper  drum,  otherwise  the  string  would  be  broken. 

It  has  thus  far  been  shown  that  there  are  two  motions  made  by  the 
indicator — the  first  being  that  of  the  pencil  upwards  or  downwards  in  a 
vertical  direction,  corresponding  to  pressure ;  and  the  second  that  of  the 
paper  on  the  drum,  representing  the  stroke  of  the  engine. 

In  order  to  render  our  illustration  as  simple  as  possible,  we  will 
suppose  an  engine  arranged  as  in  Figs.  105  to  109,  pp.  211  and  213.     This 


AA  Cylinder. 

BB  Cylinder  cover. 

C  Piston. 

D  Piston  rod. 
EE  Valve  chest. 


Fig.  114. 

I     F  Valve  chest  cover. 
I  GG  Steam  ports. 
I     H  Ednction  or  exhaust  port. 
I  KK  Slide  valve. 
L  Slide  valve  rod. 


I  ctaa  Position  of  steam  pipe. 
I  bhh  Position  of  exhanst  pipe. 

M  Position  of  slide  eccentric. 

N  Position  of  crank. 


engine,  it  will  be  remembered,  had  neither  lap  nor  lead  to  the  valve, 
steam  being  admitted  at  the  beginning,  and  carried  to  the  end  of  the 
stroke,  the  eccentrics  being  set  at  right  angles  to  the  main  crank,  and  the 
slide  valve  exactly  the  same  length  as  the  distance  between  the  outer 
edges  of  the  steam  ports  (see  Fig.  114). 

The   diagram   obtained  from  such  an   engine  (putting  aside  all  the 
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sabsidiary  and  accidental  variations  which  are  inseparable  from  the  working 
of  any  engine)  would  be  a  parallelogram  such  as  Pig.  115. 

The  diagram  is  supposed  to  be  taken  from  the  top  end  of  the  cylinder. 
When  the  indicator  pencil  was  at  the  point  a  on  the  card,  the  engine 
piston  would  be  at  the  top  end  of  the  stroke.  The  slide  valve  would  have 
completed  half  its  downward  stroke,  and  would,  therefore,  be  just  on  the 
point  of  opening  the  upper  steam  port,  as  shown  in  Fig.  114.  Immediately 
upon  the  slide  valve  opening  the  upper  port  6,  steam  would  pass  into  the 
engine  cylinder,  and  from  thence  to  the  indicator  cylinder,  causing  the 
indicator  piston  to  fly  upwards,  and  the  pencil  to  trace  the  line  a  b.  This 
is  termed  the  admission  line  of  the  diagram.  So  long  as  the  steam  port  G 
remained  uncovered,  the  pressure   of  steam  would  be  maintained  in  the 


Pio.  116. 

engine,  and  the  indicator  piston  would  be  pressed  upwards  against  the 
reaction  of  the  spring,  and  the  pencil  would  continue  in  the  same  position. 
The  drum  of  the  indicator,  on  which  the  card  is  mounted,  would,  however, 
revolve,  owing  to  the  movement  of  the  string  attached  to  the  engine  cross- 
head,  and  this  would  result  in  the  line  6  c  on  the  diagram,  which  is  known 
as  the  steam  line.  This  in  the  present  case  exactly  represents  the  down- 
ward travel  of  the  engine  piston.  By  the  time  the  pencil  had  reached 
the  point  c,  the  piston  would  be  in  the  position  shown  in  Fig.  116,  having 
completed  its  downward  stroke. 

The  slide  valve  is  now  ascending,  and  at  this  point  will  simultaneously 
shut  off  the  flow  of  steam  through  the  upper  port  and  put  the  latter  in 
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communicatioQ  with  the  exhaust  port  H.  The  pressure  above  the  engine 
piston  will  be  released^  and  it  will  thence  follow  that  the  spring  above 
the  indicator  piston  will  instantly  force  the  latter  to  its  original  position 
(the  steam  pressure  which  upheld  it  being  removed),  thereby  causing  the 
pencil  to  trace  the  line  c  d,  called  the  exhaust  line.  At  the  point  d  the 
cross-head  to  which  the  string  is  attached  will  be  at  the  bottom  end  of  the 
stroke,  and  from  thence  it  will  ascend,  thereby  slackening  the  cord,  and 
allowing  the  spring  within  the  paper  drum  to  reverse  the  motion  of  the 
latter.  This  will  produce  the  line  d  a,  called  the  line  of  counter-pressure, 
or  more  usually  back-pressure. 

It  will  be  seen  by  the  foregoing  explanation  that  all  upward  vertical 
lines  are  due  to  rising  pressure ;  descending  vertical  lines  are  traced  by 
falling  pressure;  and  horizontal  lines  denote  unvarying  pressure.  It  must 
also  be  remembered  that  vertical  lines  are  the  result  of  movement  of  the 
pencil  and  horizontal  result  from  movement  of  the  paper  on  the  dram. 
Curved  or  inclined  lines  would  indicate  a  simultaneous  movement  of  pencil 
and  drum,  i.e.,  the  pressure  would  be  varying  during  the  progress  of  the 
stroke  of  the  engine.  There  is  nothing  in  a  diagram  in  itself  to  indicate 
whether  it  has  been  taken  from  the  top  or  bottom  of  the  cylinder ;  but  it 
is  usual  for  the  admission  line  to  be  on  the  left  of  the  card  in  top  end 
diagrams. 

A  reconsideration  of  the  above  facts  will  show  that  the  horizontal  lines 
b  c  and  a  d  (Fig.  115)  are  drawn  concurrently  with  the  stroke  of  the  engine 
piston — therefore  the  centre  of  the  line  b  c  (Fig.  115)  would  be  reached  by 
the  pencil  exactly  as  the  engine  piston  was  half-way  towards  the  bottom  of 
the  cylinder ;  that  is,  the  engine  would  then  be  at  half  stroke.  Supposing 
at  this  point  the  influx  of  steam  were  suddenly  stopped,  the  paper  drum 
being  impelled  by  the  string  attached  to  the  cross-head  would  still  continue 
to  revolve,  but  the  descent  of  the  piston  would  allow  the  steam  to  expand^ 
as  greater  space  would  be  given  to  it  in  the  cylinder,  and  the  pressure 
would  gradually  decrease  ;  the  indicator  pencil  would  therefore  descend  at 
the  same  time  that  the  card  revolved.  The  theoretical  diagram  formed  in 
the  case  here  supposed  would  be  as  in  Fig.  117.  Here  6  c  is  the  steam  line ; 
at  c  the  steam  is  cut  off,  and  as  it  expands  pressure  decreases  until  the 
point  d  is  reached ;  here  the  opening  of  the  exhaust  port  causes  the  pressure 
suddenly  to  drop  to  its  lowest  point  at  e,  and  the  same  series  of  events  would 
ensue  as  already  described  (See  Fig.  115).  The  line  c  d  is  known  as  the 
expansion  line  or  expansion  curve.  The  straight  line  /  /,  drawn  beneath 
the  diagram,  is  called  the  atmospheric  line,  and  is  formed  by  bringing  the 
pencil  into  contact  with  the  paper  whilst  the  drum  is  being  moved  by 
means  of  the  cord,  but   before    the   steam   had  been  admitted  from   the 
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engine  to  the  indicator.  This  line  will  register  on  the  diagram  the 
pressure  of  the  atmosphere,  and  will  have  been  drawn  whilst  the  indicator 
piston  spring  was  in  equilibrium,  the  indicator  piston  itself  being  neither 
pressed  upwards  by  steam  pressure,  or  extended  downwards  by  vacuum. 
It  will  be  obvious  that  all  pressures  registered  above  this  line  will  be 
pressures  above  that  of  the  atmosphere,  and  all  such  parts  of  a  diagram  as 
are  below  it  are  due  to  a  pressure  below  that  of  the  atmosphere,  caused  by 
the  condensation  of  steam.  It  is  only  with  condensing  engines  that  the 
diagram  extends  below  the  atmospheric  line.  In  diagrams  from  non- 
condensing  engines,  where  the  whole  of  the  diagram  is  above  the  atmo- 
spheric line,  the  space  between  the  lower  line  of  the  diagram  and  the 
atmospheric  line  represents  the  back  pressure  or  resistance  opposed  to  the 
movement  of  the  piston  by  the  exhaust  steam  in  escaping  from  the 
cylinder.*  In  the  present  instance,  spring  No.  7  is  supposed  to  be  used, 
and  the  distance  between  the  atmospheric  line  and  line  of  counter-pressure 


or 


Fig.  117. 

is  fin.  or  ^in.,  equivalent  to  121b.  pressure,  which  would  be  the  amount 
of  back  pressure  on  the  stroke ;  and,  as  the  counter  pressure  is  exerted 
during  the  return  stroke  of  the  engine,  whilst  the  part  of  the  cylinder 
under  observation  is  open  to  the  exhaust,  and  the  practical  work  of  the 
engine  is  being  performed  by  the  steam  on  the  other  side  of  the  piston, 
the  121b.  back  pressure  will  neutralise  an  equal  pressure  of  12lb.  on  the 
steam  side  of  the  piston.  The  distance  from  the  line  f  f  to  the  line  b  c 
(Fig.  117)  is  8in.  =  ^^^n,  =  961b.  pressure  to  square  inch,  which  would  be 
the  pressure  at  which  steam  entered  the  cylinder,  called  the  "initial 
pressure."  It  is  seen,  however,  that  r2]b.  of  this  pressure  remains  in  the 
cylinder  to  counteract  an  equivalent  pressure  on  the  other  stroke;  and 
therefore,  for  ascertaining  the  practical  amount  of  work  obtained  from 
the  steam  on  both  strokes,  it  will  obviously  be  necessary  to  deduct  the 


*  This  must  not  be  confounded  with  the  back  preasore  absolute,  which  is  the  pressure  of  the 
escaping  steam  plus  the  pressure  of  the  atmosphere. 
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121b.  back  pressure  from  the  mean  pressure  of  steam  shown  throughout 
the  stroke.  This  we  find  already  done  for  us  on  the  diagram,  for  we  have 
only  to  take  our  measurements  from  the  line  of  counter-pressure  instead 
of  from  the  atmospheric  line,  and  we  get  the  real  value  of  the  work 
performed  by  the  steam.  It  may  be  asked,  then,  ''  Of  what  use  is  the 
atmospheric  line  ?  '^  Simply  for  the  purpose  of  ascertaining  the  power 
of  an  engine  it  is  not  absolutely  necessary,  for  we  have  only  to  measure 
diagrams  from  each  end  of  the  piston  in  order  to  give  sufficient  data 
to  make  the  necessary  calculations  upon;  but  in  order  to  determine 
whether  the  steam  is  being  advantageously  used,  and  whether  the  engine 
is  in  proper  order  generally,  the  atmospheric  line  is  of  the  highest 
consequence. 

We  will  use  the  above  ideal  diagram  (Fig.  117)  for  the  purpose  ot 
illustrating  the  manner  in  which  the  indicated  horse  power  is  calculated. 
It  must  be  remembered  that  the  diagram  is  reduced  to  half  size,  so  that, 
in  making  calculations,  all  measurements  taken  therefrom  must  be  doubled. 
Divide  the  diagram  into  a  given  number  of  equal  parts  by  means  of  the 
vertical  lines  or  ordinates,  as  shown.  In  an  ordinary  diagram  ten  is  the 
usual  number  of  divisions ;  but  where  from  any  cause  the  outline  is  very 
irregular  it  is  sometimes  necessary  to  interpolate  ordinates  so  as  to  get 
a  greater  number  of  measurements  from  which  to  deduce  the  average 
measurements.  Measure  the  height  of  the  diagram  midway  between 
each  ordinate,  beginning  on  the  left.  The  first  five  measurements  will 
be  2|in.  =  841b.  pressure;  the  next  ordinate  will  measure  2Jin.  =  721b. ; 
the  next  lfin.  =  561b. ;  the  following  ordinate  lfin.  =  441b. ;  the  next 
liin.=861b. ;  and  the  last  |in.  =  281b.  The  mean  of  these  ten  pressures 
will  be  65-61b.,  which  will  be  the  mean  or  average  effective  pressure  of 
steam  per  square  inch.* 

The  unit  of  power  for  the  steam  engine  is  an  equivalent  to  one  horse 
power,  and  it  was  determined  by  means  of  experiments  made  by  James 
Watt  that  a  strong  dray  horse  would  perform  work  equivalent  to  raising  a 
weight  of  33,0001b.  one  foot  high  per  minute.  To  ascertain  the  power  of 
any  given  engine,  we  find,  by  the  method  above  described,  the  effective 
mean  pressure  recorded  on  the  diagrams  taken  from  each  end  of  the 
cylinder ;  multiply  this  by  the  number  of  square  inches  contained  in  the 
area  of  the  piston,  and  multiply  the  product  so  obtained  by  the  number  of 
feet  per  minute  travelled  by  the  piston.  This  will  give  the  number  of  foot- 
pounds per  minute  exerted  by  the  engine.     If  we  divide  this  by  33,000, 

*  The  theoretioal  mean  preasore,  aooording  to  Muriotte'B  law  (whioh,  hoireTer,  steam  would 
not  obey  in  a  perfect  steam  engine),  wonld  differ  very  sUghtlj  £rom  this,  but  we  hare  adopted 
the  nanal  course  followed  in  practioe,  in  order  to  illnstrate  our  meaning. 
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the  qnotient  will  be  the  indicated  horse  power.  The  formula  for  calculating 
the  horse  power  of  an  engine  is  as  follows  :  A = area  of  piston  in  square 
inches;  P=mean  pressure  of  steam  on  piston  in  poands  per  square  inch^ 
S  =  speed  of  piston  in  feet  per  minute;  I.H.P.=g3Q^ 

For  practical  purposes  it  is  necessary  to  take  diagrams  from  both  ends 
of  the  cylinder,  in  order  to  ascertain  the  pressure  on  both  the  upward 
and  downward  strokes  of  the  engine;  for  it  by  no  means  follows  that 
diagrams  taken  from  different  ends  of  the  same  cylinder  will  be  alike. 
Bad  setting  of  the  side  valve  alone  will  result  in  a  considerable  difference 
in  area  of  top  and  bottom  diagrams.  But  in  the  present  case  we  will 
suppose  the  diagrams  from  each  side  of  the  piston  to  be  alike.  If  this 
cylinder  were  20''  in  diameter =314*1  square  inches  area,  the  number  of 
revolutions  were  100  per  minute,  and  the  length  of  stroke  being  2ft.,  the 
piston  speed  would  be  400lt.  per  minute.  The  calculation  for  I.H.P. 
would  be  as  follows:  314*1  x 65-6 x400-f-33,000=249-7.  The  latter 
would  be  the  I.H.P.  exerted  by  the  engine  at  the  time  the  diagrams  were 
taken. 

The  three  diagrams,  Fig.  118,  originally  published  in  Engineering, 
are  from  the  engines  of  a  once  well-known  Atlantic  liner.  These 
diagrams  are  selected  ior  the  purpose  of  illustration  on  account  of  their 
symmetry,  for  it  will  be  seen  they  are  not  examples  of  the  most  modem 
practice.  The  engines  are  compound  condensing,  with  three  inverted 
cylinders.  The  high-pressure  cylinder,  having  a  diameter  of  62in.,  is 
placed  between  two  low-pressure  cylinders,  each  90in.  in  diameter — ^the 
length  of  stroke  in  each  case  being  5ft.  6in. 

The  scale  of  the  diagram  is  marked  at  the  side,  the  diagrams  being 
here  reduced  to  half  the  size  of  the  originals.  For  the  high-pressure 
diagrams,  spring  No.  8  was  used ;  and  for  the  low-pressure  cards,  spring 
No.  2.  A  diagram  from  each  end  of  the  cylinder  is  taken  on  each  card  in 
the  usual  manner.  For  the  purpose  of  taking  two  diagrams  on  one  card 
in  this  way  the  indicator  is  usually  connected  to  the  cylinder  by  means  of  a 
pipe  leading  into  a  T-piece,  one  branch  connecting  to  the  top  and  the  other 
to  the  bottom  end  of  the  engine  cylinder.  The  T-piece  is  generally 
formed  by  a  two-way  cock  fitted  at  the  junction  of  the  pipes,  so  that  the 
indicator  can  be  made  to  receive  steam  alternately  from  either  end  of  the 
cylinder  by  turning  the  cock.  In  the  diagrams  the  line  corresponding  with  0 
on  the  scale  is  the  atmospheric  line.  On  the  high-pressure  cards  there 
is  pretty  constant  back  pressure  of  201b.  per  square  inch  above  atmosphere, 
and  this  back  pressure  will  represent  the  initial  pressure  in  the  low-pressure 
cylinders,  less  the  loss  from  accidental  causes,  &c.  In  the  diagrams  taken 
from  the  low-pressure  cylinders  the  atmospheric  line  will  be  seen  near  the 
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middle  of  the  figure,  and  the  work  represented  by  the  area  below  the  line 
is  due  to  the  vacuum  caused  by  the  condensation  of  steam  in  the  condenser. 
The  line  of  perfect  va<3uum  (not  shown)  would  be  near  the  figures  15  on  the 
scales  of  the  low-pressure  cards,  and  the  distance  between  that  line  and  the 
lower  lines  of  the  diagrams  would  represent  the  absolute  back  pressures  in 
the  low-pressure  cylinders — ^which  in  fact  will  be  theoretically  the  total 
back  pressure  on  the  engines,  as  the  back  pressure  in  the  high-pressure 
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Fig.  118. 
cylinder  is  simply  the  energy  reserved  to  be  converted  into  power  in  the 
low-pressure  cylinders,  less  the  loss  due  to  minor  causes.  In  the  low- 
pressure  diagrams,  that  part  which  is  below  the  atmospheric  line  is  caused 
by  the  extension  downwards  of  the  indicator  spring ;  or,  to  use  an  expressive 
although  not  strictly  accurate  term,  the  indicator  piston  is  "  sucked  "  down- 
wards by  reason  of  the  vacuum  in  the  engines ;  and  as  the  spring  will  be  in 
equilibrium  when  the  pencil  is  at  the  point  0  on  the  scale  (in  consequence 
of  the  indicator  piston  being  then  subject  to  an  equal  pressure  on  each 
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side),  some  force  must  be  exerted  to  carry  the  piston  below  that  point. 
This  force  is  supplied  by  reason  of  the  air  being  removed  from,  or  rather 
being  prevented  from  gaining  access  to,  the  interior  of  the  cylinder  on  the 
exhaust  side,  and  the  steam  pressure  on  the  other  side  of  the  piston  will 
therefore  be  working  against  a  lesser  retarding  force  than  if  the  atmosphere 
had  to  be  expelled.  It  will  be  obvious  that  there  is  an  equal  gain  in  the 
indicated  power  of  the  engine,  whether  additional  force  be  exerted  on  one 
side  of  the  piston,  or  a  corresponding  resistance  to  that  force  be  removed 
from  the  other  side ;  although,  in  considering  the  matter  practically,  the 
power  absorbed  by  the  air  pump  must  not  be  forgotten.  An  equal  force 
must  be  exerted  in  the  tension  as  in  the  compression  to  a  given  distance  of 
a  spiral  spring,  therefore  a  given  area  of  diagram  below  the  atmospheric 
line  is  of  equal  value  to  the  same  area  above  the  line. 

It  has  already  been  stated  that  the  indicator  is  useful,  not  only  in 
affording  a  measure  of  the  power  exerted  by  an  engine,  but  also  for 
supplying  data  by  which  faults  in  construction  of  arrangement  of  the 
machinery  can  be  ascertained ;  and  it  is  in  the  application  of  such  data 
that  the  engineer  requires  the  use  of  his  most  critical  powers  of  observation, 
and  the  aid  of  considerable  practical  experience  carefully  and  industriously 
applied.  We  cannot  hope  here  to  do  more  than  give  a  few  examples  or 
outlines  of  principles  which  may  help  to  put  the  reader  into  the  way  of 
applying  his  own  experience  to  the  elucidation  of  such  problems  as  may  be 
brought  before  him.  A  yachtsman  possessed  of  an  indicator  and  the  ability 
to  use  it  should  find  no  difficulty  in  acquiring  the  experience  necessary  to 
render  him  a  good  diagram  reader.  The  number  of  steam  yachts  of  all 
descriptions  is  so  large,  and  there  are  so  many  owners  who  would  be  glad 
to  get  information  about  their  craft  and  machinery  from  an  unbiassed 
source,  that  there  might  soon  be  formed  a  collection  of  diagrams,  taken 
from  different  engines  working  under  different  conditions,  such  as  would 
enable  the  experimentalist,  by  a  comparison  of  the  data  obtained  with 
the  known  characteristics  of  the  engines,  to  become  a  proficient  on 
the  subject.  It  is  true  that  properly  designed  engines  of  a  given  type, 
and  working  under  similar  conditions,  will  give  like  diagrams ;  and  it 
might  therefore  be  considered  that  the  cards  of  one  set  of  yacht  engines 
would  probably  be  very  similar  to  those  of  others.  The  intending 
experimentalist  need  not,  however,  fear  any  dull  uniformity  of  excellence 
in  the  results  obtained.  In  the  majority  of  instances  the  diagrams  taken 
from  yaoht  engines  will  afford  a  sufficient  field  for  the  exercise  of  his 
critical  acumen. 

Indicator  diagrams  may  become  distorted,  either  from  the  indicator 
itself  being  out  of  order  or  improperly  applied,  or   from   faults  in  the 
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machinery  operated  upon.  In  order  to  obtain  the  best  results  the  following 
points  should  be  observed  in  fixing  the  indicator  to  the  engine.  The  steam 
communication  between  the  two  should  be  as  immediate  and  direct  as 
possible;  the  most  accurate  diagrams  are  taken  when  the  indicator  is 
connected  direct  to  the  cylinder  ends;  but  if  connecting  pipes  must  be 
used  they  should  be  ample  in  area,  a  less  diameter  than  iin.  being 
decidedly  inadmissable,  and  in  curves  or  bends  |^in.  should  be  the  smallest 
diameter  of  the  pipe ;  all  curves  in  pipes  should  be  as  easy  and  gi^nal 
as  possible.  It  should  also  be  seen  that  there  are  no  points  in  the  con- 
nections in  which  water  from  condensation  could  lodge.  The  pipes  are 
sometimes  clothed  to  keep  them  hot. 

When  it  is  inconvenient  to  attach  the  indicator,  or  the  indicator  con- 
nection, either  to  the  top  or  bottom  of  the  cylinder,  a  hole  may  be  tapped 
in  the  side,  care  being  taken  that  the  piston  does  not  cover  the  aperture 
when  the  engine  is  on  centres ;  that  is  to  say,  the  hole  must  lead  into  the 
clearance  space,  which  is  between  the  piston  and  cylinder  covers  when  the 
engine  is  at  either  end  of  the  stroke. 

A  want  of  proper  attention  to  the  adjustment  of  the  cord  by  which 
the  paper  drum  is  actuated,  may  render  the  diagrams  entirely  worthless 
and  misleading.  If  the  part  of  the  engine  from  which  the  motion  is 
derived  has  a  travel  greater  than  5in.  (which  is  about  the  extreme  length  of 
a  diagram  that  can  be  taken  by  the  Richards'  indicator),  the  motion  must 
be  reduced  in  some  way.  This  is  nearly  always  accomplished  by  one  of 
the  two  following  methods :  By  running  the  string  over  pulleys  or  wheels 
of  different  diameters,  in  which  case  the  pulleys  must  be  firmly  fixed  so  as 
to  allow  no  play  at  the  instant  of  reversal  of  motion.  Generally  the  most 
convenient  manner  of  reducing  the  motion  of  the  cord  is  by  means  of  a 
radius  bar,  one  end  being  attached  to  some  convenient  fixed  point  adjacent 
to  the  engine,  the  other  being  actuated  by  the  engine  crosshead,  to  which 
it  is  attached  by  means  of  a  suitable  link.  Care  must  be  taken  that  when 
the  engine  is  at  half  stroke  a  straight  line  drawn  through  the  centre  of 
the  extremities  of  the  radius  bar  should  be  at  right  angles  to  the  line  of 
travel  of  the  piston.  Fig.  119  shows  the  arrangement  described.  A  B  is 
the  radius  bar,  G  being  the  link  by  which  it  is  attached  to  the  crosshead 
at  the  inner  end,  whilst  the  outer  end  is  held  by  the  bracket  D,  attached 
for  the  purpose  to  the  engine  framing.  The  distance  of  the  point  of 
attachment  of  the  string  from  the  outer  end  of  the  bar  D  must  bear  the 
same  proportion  to  the  total  length  of  the  bar  that  the  travel  of  the  cord 
bears  to  the  stroke  of  the  engine.  Thus,  should  the  latter  be  18in.,  the 
length  of  the  bar  30in.,  and  the  travel  of  the  cord  5in. — the  latter  being, 
of  course,  the  extent  of  motion  of  the  paper  drum — the  string  must  be 


Indicator  Diagrams. 


235 


attached  to  the  radius  bar  8 'Sin.  from  the  falcrum  at  B.     Condensing 
engines  working  their  pumps  by  a  beam  will  present  a  ready  means  of 


Fio.  119. 
giving  motion  to  the  string  in  taking  diagrams  from  the  cylinder  to  which 
the  beam  is  connected. 
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A  point  of  importance  to  be  observed  is  that  the  cord  be  not  too  new 
and  unstretched.  Should  any  considerable  length  of  it  be  required,  fine 
brass  wire  cord  may  be  used  for  the  purpose  of  obviating  this  dijficulty.  In 
quick-running  engines  more  especially  the  cord  may  not  convey  a  motion 
accurately  corresponding  to  that  of  the  engine.  A  good  plan  is  to  take  a 
diagram  at  moderate  speed,  and  compare  the  length  of  it  with  one  taken 
at  the  higher  speed.  Should  the  latter  be  shorter  in  length,  it  may  be 
concluded  that  it  is  incorrect,  and  must  not  be  relied  upon.  Finally,  in 
adjusting  the  cord,  the  operator  must  be  careful  that  it  is  always  in 
tension;  that  is  to  say,  that  the  paper  drum  never  is  allowed  to  come 
against  the  stop  placed  in  its  interior  for  the  purpose  of  arresting  its 
motion,  as  in  that  case  a  part  of  the  engine  stroke  would  be  performed 
with  no  corresponding  movement  of  the  drum.  This  would  have  the  same 
effect  as  if  the  ends  of  the  diagrams  were  cut  off. 

Either  through  impurities  brought  over  by  the  steam  or  otherwise,  the 
indicator  piston  and  cylinder  are  liable  to  become  damaged,  or  from  some 
other  cause  the  action  of  the  instrument  may  not  be  so  frictionless  as  is 
requisite  for  the  purpose  of  getting  accurate  results.  In  order  to  test  for 
this,  when  the  indicator  is  in  position  on  the  engine,  attach,  the  string  to 
the  paper  drum,  but  do  not  admit  steam  to  the  indicator.  Press  the  piston 
down  by  applying  the  finger  to  the  upper  end  of  the  piston  rod,  remove 
the  pressure  slowly  and  evenly,  and  draw  the  atmospheric  line  on  the  card 
in  the  usual  way.  Then  reverse  the  operation  by  drawing  the  piston 
upwards,  and  pressing  it  with  a  slow  and  regular  motion,  afterwards 
applying  the  pencil  to  the  card  so  as  to  again  draw  the  atmospheric  line. 
If  there  be  no  friction,  the  two  lines  will  coincide,  and  only  one  line  will 
be  seen ;  but  should  there  be  any  impediment  to  the  free  action  of  the 
instrument,  the  two  lines  will  be  separated  a  greater  or  less  distance, 
according  to  the  amount  ot  friction.  To  make  a  careful  test  of  this  nature, 
the  pencil  should  be  fairly  sharp. 

Indicator  springs  must  be  tested  occasionally,  as  they  are  likely  to 
lose  part  of  their  elasticity  when  long  in  work ;  and  it  must  be  borne  in 
mind  that,  whilst  in  use,  they  are  subjected  to  the  heat  of  the  steam.  About 
212°  Pahr.  is  the  temperature  at  which  they  are  calculated  to  give  the 
resistance  corresponding  to  their  respective  scales.  An  allowance  of  about 
one  pound  in  forty  is  necessary  to  be  made  when  tested  cold. 

In  studying  a  diagram  taken  from  an  engine  using  steam  expansively 
it  is  absolutely  necessary,  in  order  to  arrive  at  any  definite  conclusion  as  to 
the  efficiency  of  the  engine  to  construct  the  theoretical  expansion  curve 
which  would  represent  the  expansion  of  the  steam  under  the  conditions 
given,  and  to  compare  this  curve  with  the  actual  expansion  curve  drawn 
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by   the   indicator  pencil  on   the  diagram.     The  law   which   governs   the 
expansion  of  gases  was  discovered  by  Boyle  in  England  and  Mariotte  in 
France  about  the  same  time.     Althoagh  the  elaborate  experiments  since 
made  by  the  eminent  French  savant  Begnault  prove  that  saturated  steam^ 
such  as  is  generally  used — or,  rather,  ought  to  be  generally  used — in  steam 
engines  does  not  exactly  follow  this  law ;  yet  the  difference  is  so  small, 
that   it  is  usually  ignored   by  practical   engineers,   and   Mariotte^s   law 
accepted  as  correct.     This  law  is,  that  volumes  of  any  given  weight  of  gas 
at  a  given  temperature  are  in  an  inverse  proportion  "to  the  pressure  to 
which  the  gas  is  subject,  or,  in  other  words,  pressure  varies  inversely  as  the 
volume;  so  that  if  we  expand,  in  a  closed  vessel,  one  cubic  foot  of  steam 
at  1001b.  pressure  into  two  cubic  feet  of  steam,  the  pressure  will  fall  from 
1001b.  to  501b.  j  or,  again,  if  we  have  one  cubic  foot  of  steam  at  1001b., 
and  wish  by  compression  to  raise  the  pressure  to  4001b.,  we  must  reduce 
the  volume   of  the  steam  into  one  quarter  of  a  cubic  foot.     In  order  to 
apply  the  theoretical  curve  of  expansion  to  a  diagram  for  practical  purposes 
it  is  necessary  that  the  clearance  space  between  the  piston  and  cylinder 
ends  and  the  capacity  of  the  steam  passages  be  ascertained,  and  the  area 
due  to  the  steam  contained  in  them  added  to  the  admission  end  of  the 
diagram.     Thus,  if  the  port  and  clearance  have  a  capacity  equal  to  one- 
twelfth  the  space  swept   by  the   piston,  it  will   be  necessary  to  extend 
the  diagram   one-twelfth  of  its  total  length  at  the  admission  end.     The 
necessity  of  this  will  be  obvious,  for  if  the  steam  be  cut  off  at  half  the 
stroke  of  the  piston — the  area  of  the  latter  being  one  square  foot,  and  the 
len^h  of  stroke  2ft. — there  will  be  one  cubic  foot  of  steam  in  the  cylinder 
at  the  point  of  cut-off,  supposing  we  do  not  take  into  consideration  the 
port  and  clearance ;  but,  as  the  latter  must  necessarily  be  filled  with  steam 
before  the  piston  can  commence  its  stroke,  we  shall  in  this  case  have  at  the 
point    of  cut-off   one   cubic  foot   of  steam  plus   the   steam   in   port   and 
clearance,   the   whole   of    which    will   expand   to    the   point   of    release. 
Supposing,  then,  the  initial  pressure  were  1001b.,  the  terminal  pressure, 
in  place  of  being  501b.    (as  it  would  be  were  there  no  port  and  clearance 
space),  would  be  601b.  plus  the  pressure  due  to  the  steam  contained  in  port 
and  clearance  at  the  commencement  of  the  stroke.     In  order  to  ascertain 
correctly  the  point  of  cut-off,  the  engine  should  be  turned  over  by  hand 
when  the  valve  chest  cover  is  off,  and  the  point  at  which  the  valve  closes 
the    ports   on  both   strokes   carefully   noted.      In   diagrams   taken   from 
ordinary  marine  engines  the  proportion  of  the  stroke  for  which  steam  is 
admitted  can  only  be  approximately  defined  by  means  of  the  diagram  alone, 
in    consequence   of  the   steam  line  gradually  merging  into  the  expansion 
carve,  owing  to  the  slow  closing  of  the  steam  port  and  consequent  gradual 
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fall  of  pressure.      It  must  be  remembered  that  the  steam  line  does  not  end 
until  the  port  closes,  however  much  the  line  may  fall  previously. 

Fig.  120  is  a  diagram,  constructed  for  the  purpose  of  illustrating  the 
theoretical  curve  of  expansion  of  steam  as  usually  taken  *  in  an  engine 
with  a  piston  one  square  foot  in  area  and  a  stroke  of  two  feet ;  steam  at 
501b.  pressure  (above  atmosphere)  being  admitted  for  half  the  stroke  of  the 
piston.  The  port  and  clearance  may  in  this  case  be  taken  as  equal  to  one- 
twelfth  the  space  in  the  cylinder  swept  by  the  piston.  For  Convenience 
this  diagram  is  divided  into  twenty-six  equal  spaces  or  intervals,  each  one 
representing  a  volume  of  steam^  twenty-four  of  these  intervals  represent 
the  space  swept  by  the  piston,  and  the  two  others  the  port  and  clearance. 
The  area  A  B  F  6  is  the  port  and  clearance,  and  the  rectangle,  A  C  J  6, 
is  the  steam  at  initial  pressure  above  the  piston  at  the  point  of  cut-off. 
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According  to  our  custom  in  these"  elementary  illustrations  we  do  not  take 
into  account  accidental  disturbances  in  the  working  of  the  engine;  for 
instance,  our  initial  pressure  is  supposed  to  be  maintained  fully  up  to  the 
point  of  cut-ofF,  and  the  full  vacuum  is  maintained  from  the  point  of 
release  (which  coincides  with  the  end  of  the  stroke)  at  151b.  below  the 
atmospheric  line,  the  engine,  of  course,  being  a  condensing  engine.  To 
construct  the  curve  of  expansion  according  to  Mariotte's  law,  lay  off  the 
ordinates  as  shown,  taking  care  that  one  of  the  ordinates  coincide  with  the 
point  of  cut-off.  Multiply  the  pressure  of  steam  in  pounds  per  square  inch 
at  the  point  of  cut-off  into  the  number  of  intervals  up  to  that  point,  and 
divide  the  product  so  obtained  by  the  number  of  spaces  up  to  the  point  on 
the  expansion  curve  at  which  it  is  required  to  find  the  pressure. 

Following  this  rule  we  will  construct  the  cui^ve  C  D.     The  number 

*  The  isothermal  expansion  of  a  gas  would  be  the  more  correct  expansion,  aa  in  a  theoretical 
non-oondnoting  cylinder  steam  should  expand  adibatically,  and  not  follow  Mariote's  law. 
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of  intervals  up  to  the  point  of  cut-off  is  14,  and  the  steam  pressure 
651b.  per  square  inch  absolute.  The  pressure  at  ordinate  15  will  be 
65xl4=910-4-15  =  60-661b.  The  scale  of  our  diagram  being  ^in.  =  llb. 
pressure,  the  pressure  60*66,  or  roundly  60ilb.,  will  be  represented  by  a 
distance  of  2|^in.  from  the  line  of  vacuum.  Having  marked  off  this  distance 
on  ordinate  15  we  may  proceed  in  the  same  manner  to  find  the  points 
at  which  the  theoretical  expansion  curve  intersects  the  remaining  ordinates. 
The  number  910  (initial  pressure  x  volumes  of  steam  at  point  of  cut-ofF) 
now  becomes  a  constant,  and  we  have  only  to  divide  it  by  the  remaining 
ordinates  : 


910  H-  16  =  56-87 
910  -i-  19  -  47-89 
910  -r-  22  =  41-36 
910  -^  25  =  36-40 


910  -7-17  =  53-52 
910  -^  20  «  45-50 
910  -^  23  =  39-56 
910  -7-  26  =  35-00 


910  -r- 18  -  50-55 
910  -T-  21  =  48-33 
910  -^  24  =  37-71 


Measure  off  from  the  vacuum  line  the  distance  due  to  the  pressures 
on  the  ordinates,  and  draw  the  curve  C  D  through  the  points  so  obtained 
which  will  give  the  theoretical  line  of  expansion. 

Fig.  121  illustrates  a  graphic  method  of  constructing  the  hyperbolic 


curve,  and,  as  it  obviates  any  necessity  for  calculation,  and  is  very  simple, 
it  will  probably  be  preferred  in  many  instances. 

Having  found  the  point  of  cut-ofF,  draw  the  ordinate  C  J  from  such 
point  to  the  vacuum  line.  Divide  up  the  remainder  of  the  diagram  to  the 
point  of  release  by  means  of  ordinates  into  any  number  of  parts.  The 
port  and  clearance  having  been  added  (as  in  Fig.  120),  from  the  point  A 
to  the  foot  of  the  ordinate,  dividing  the  diagram  at  the  point  at  which  it  is 
required  to  find  the  pressure,  draw  a  straight  line,  and  the  distance  from 
the  point  C  to  where  this  line  cuts  the  ordinates  C  J  will  be  a  measure  of 
the  pressure  at  that  ordinate  to  the  foot  of  which  the  line  is  drawn.     Thus, 
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supposing  we  wish  to  ascertain  the  pressure  at  ordinate  26  on  the  diagram, 
we  should  draw  the  line  A  B,  and  measure  ofE  the  distance  C  K,  which  will 
equal  the  distance  D  E^  the  latter  being  a  measure  of  the  pressure  of 
steam  at  the  part  of  the  stroke  to  which  it  corresponds. 

There  is  still  another  method  of  applying  the  theoretical  expansion 
curve  which  we  will  illustrate  by  means  of  Fig.  122,  which  is  a  dia^^fram 
from  the  high  pressure  cylinder  of  the  engine  of  a  Clyde-built  vessel. 
The  cylinder  is  394in.  in  diameter  and  the  stroke  3ft.  6in.  The  capacity 
of  the  port  and  clearance  is  -0753  of  the  space  swept  by  the  piston.  The 
length  of  the  diagram  being  in  the  original  5in.,  we  must  add  fin.  for 
port  and  clearance.  Steam  has  been  cut  off  early  in  the  stroke  by 
means   of   an  expansion  valve.     This    method,    which   we   are   about  to 
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illustrate,  of  applying  the  theoretical  expansion  curve  is  useful  in  cases 
where  the  exact  point  of  cut-off  at  the  time  the  diagram  was  taken  is 
not  known.  Select  a  point  on  the  diagram  near  the  termination  of  the 
stroke  which  shall  be,  as  near  as  can  be  ascertained,  the  point  at  which 
the  slide  valve  opens  the  exhaust  port  and  allows  the  steam  to  escape 
to  the  condenser.  The  exhaust  port  here  opens  before  the  end  of  the 
stroke  in  consequence  of  the  advance  of  the  eccentric.  Having  divided  the 
diagram,  including  the  port  and  clearance  space,  into  any  equal  number 
of  intervals  up  to  the  point  selected,  draw  in  by  hand  the  line  of  perfect 
vacuum.  In  the  examples  we  have  taken  the  vacuum  is  supposed  to 
be  151b.  per  square  inch  below  the  atmospheric  pressure,  but  in  cases 
where  perfect   accuracy   is   required   the   atmospheric   pressure  must  be 
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ascertained  by  means  of   the  barometer.     Find^  by  measurement  on  the 
diagram^  the  absolute  pressure  at  the  point  selected  as  the  point  of  release^ 
and  multiply  this  into  the  number  of  intervals  on  the  diagram^  and  the 
product  will  be  the  pressure  of  steam  at  the  end  of  the  first  interval, 
according  to  Mariotte's  law;    by  dividing   the  pressure   thus   found   by 
the  number  of  intervals  on  the  diagram  up  to   any  point   at  which   we 
wish  to  ascertain  the  pressure,  we  shall  obtain  the  theoretical  pressure 
at  such  a  point.     In  Fig.   122  the  pressure  at  ordinate  20   (which  has 
been  selected  as  the  probable  point  of  release,  as  beyond  that  the  steam 
shows  a  more  sudden  decrease  of   pressure,  undoubtedly  caused  by  the 
opening  of  the  port)  is  231b.  absolute ;  and  it  must  be  remembered  that 
in  constructing  the  theoretical  curve  of  expansion  pressures  absolute  or 
pressures  above  perfect  vacuum  must  invariably  be  taken.     This  pressure 
of  231b.    X   20    (the  number   of  intervals)  =  460,   which   would   be  the 
pressure  in  pounds  at  the  end  of  the  first  interval,  supposing  the  steam 
were  compressed  into  a  space  in  the  cylinder  represented  by  one  interval 
on  the  diagram.     Following  the  above  rule,  460  -r-  2  =  230,  which  would 
be  the  pressure  at  the  end  of  interval  No.  2,  and  in  the  same  manner 
460  divided  consecutively  by  3,  4,  5,  6,  Ac,  would  give  the  pressures 
1531b.,  1151b.,  921b.,  761b.,  Ac,  respectively,  as  shown  on  the  diagram. 
We  have  now  only  to  measure  off  these  pressures  according  to  the  scale  of 
the  diagram,  and  through   the  points  so  obtained  draw  the  theorecticaJ 
curve,  as  shown  by  the  dotted  line.     It  has  been  said  that  the  pressure  at 
the  end  of  space  No.  1  would  be  4601b.,  but  the  highest  pressure  registered 
by  the  diagram  is  only  741b.  absolute.     As  the  reason  of  this  discrepancy 
may  not  be  quite  obvious  to  those  who  are  accustomed  to  the  considera- 
tion of  such  problems  as  these,  we  will  approach  the  question  from  another 
point  of  view.     Supposing,  then,  the  action  of  the  engine  to  be  reversed, 
and  in  place  of  steam  being  admitted  at  the  left  of  the  diagram,  so  as  to 
impel  the  piston  forward,  that  the  steam  be  introduced  at  the  point  of 
release    at   the    pressure   there  indicated — viz.,   231b.   absolute — ^and  the 
piston  moved  backwards  by  some  extraneous  means  so  as  to  compress  the 
steam,  thus  causing  the  pressure  to  rise  as  the  space  occupied  by  the  steam 
became  smaller;  the  theoretical  curve  due  to  such  compression,  and  conse- 
qaent  rise  of  pressure  from  a  lower  to  higher  pressure,  would  be  the  same 
as   that  due  to  a  like  amount  of  expansion,  and  would  therefore  be  the 
dotted  line  already  drawn  on  Fig.  122,  and,  other  things  being  equal,  the 
actual  line  of  compression  drawn  by  the  indicator  pencil  would  follow  the 
actual  line  of  expansion  there  shown.     It  will  be  seen  that  these  two  lines 
(the   actual  and  theoretical  expansion  curves)  agree  pretty  closely  until  the 
seventh  interval  is  reached,  and  here  the  theorectical  curve  leaves  the  actual 
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line  of  the  diagram.  The  reason  is  not  far  to  seek,  for  the  steam  port 
opening  would  allow  the  additional  pressure  (caused  by  the  supposed  back- 
ward  movement  of  the  piston)  to  escape,  and  no  higher  pressure  would  be 
registered  than  that  due  to  the  initial  pressure  supplied  from  the  boiler. 
If,  however,  the  port  could  be  kept  closed,  and  the  piston  were  still 
moved  backwards,  the  two  curves  would  ascend  in  nearly  the  same 
direction,  and  the  4601b.  pressure  at  the  end  of  the  first  interval  would 
be  attained,  or  nearly  attained;  supposing,  of  course,  the  means  were  at 
command  to  compress  the  steam  to  that  extent,  and  there  were  no  loss 
from  other  causes.  It  is  not  intended  to  be  understood  that  that  pressure 
would  be  actually  attained,  the  case  is  merely  put  by  way  of  illustration. 
It  should  be  stated  that  this  diagram  (Fig.  122)  shows  two 
faults;  a  loss  of  pressure  both  on  the  admission 
line  and  the  steam  line.  This  is  shown  by 
the  rounding  ofE  of  the  top  left  hand  comer  of 
the  diagram  and  the  fall  in  the  steam  line, 
together  with  its  gradual  blending  into  the  ex- 
pansion curve. 

Reference  has  been  made  to  the  obliquity  of 
movement  of  the  connecting  rod,  and  we  will  here 
say  a  few  words   in   illustration  of  this  subject. 
At  first  sight  it  might  be  taken  for  granted  that 
when  the  main  crank  after  starting  from  centres 
has  completed  one  quarter  of  a  revolution,  that  the 
piston  would  likewise  have  made  exactly  one  half 
of  its  stroke ;  that  is  to  say,  with  the  crank  starting 
at  a  in  Fig.  123,  the  first  quarter  of  a  revolution 
would  exactly  coincide  with  half  the  stroke  of  the 
piston;    but  this  is  not  by  any  means   the  case. 
In  Fig.   123  A  C  B  is  the  line  of  travel  of   the 
piston.     The  circle  a  c  dh  c*'  is  the  path  of  the 
crank.     The  length  of  the  connecting  rod  is  doable 
that  of  the  stroke.     Supposing  the  piston  to  start 
at  A  it  will  when  at  C  have  completed  half  the 
distance  it  has  to  travel  during  one  stroke.      The 
point  of  connection  between   the  piston  and   the 
connecting  rods,  or  engine  cross  head,  will    then 
be  at  D,  and  consequently  C  D  will  be  the  piston  rod.     The  position  of 
the  crank  at  one-quarter  of  a  revolution  will  be  d.     If,  however,  we  lay  off 
from  D  the  length  of  the  connecting  rod,  it  will  only  reach  the  point  r', 
and  the  latter  point  will  therefore  be  the  position  of  the  crank  with  the 


Fig.  123. 


Expansion  of  Steam.  243 


piston  at  half  stroke.  The  shorter  the  connecting  rod,  compared  to  the 
stroke,  the  greater  the  obliquity  of  the  former,  and  so  much  the  greater 
will  be  the  difference  between  the  angle  made  by  the  crank  when  the 
piston  is  at  half  stroke  and  a  right  angle.  Referring  again  to  the  figure, 
on  the  up  stroke,  the  crank  will  have  completed  more  than  a  quarter  of 
a  revolution  when  the  piston  is  at  half  stroke,  as  shown  by  the  dotted  line 
D  c",  which  is  equal  to  the  length  of  the  connecting  rod.  Further,  as 
<•'  and  c"  are  the  positions  of  the  crank  when  the  piston  is  at  half  stroke  on 
the  up  and  down  strokes  respectively,  and  as  the  length  of  the  segment 
e',  6,  b,  c"  is  greater  than  that  of  the  segment  c",  a,  c  ;  and  as  the  crank 
travels  at  a  constant  speed,  the  piston  will  move  with  a  greater  velocity 
whilst  performing  the  parts  of  its  stroke  corresponding  to  the  movement  of 
the  crank  c",  a,  c',  than  during  the  part  of  its  stroke  corresponding  to  the 
crank  movement  c'  b,  c" ;  or,  in  other  words,  the  piston  makes  the  first 
half  of  its  down  stroke,  and  the  second  half  of  its  up  stroke  in  less  time 
than  the  second  half  of  the  down  stroke,  and  first  half  of  the  up  stroke ; 
or,  simpler  still,  the  piston  travels  more  quickly  in  the  upper  half  of  the 
cylinder  than  in  the  lower  half. 

The  almost  universal  description  of  engine  placed  in  modem  sea-going 
^team  yachts  is  the  inverted,  direct-acting,  compound,  surface-condensing 
type,  with  two  cylinders,  or  three  cylinders,  and  in  some  cases  four 
cylinders. 

The  history  of  improvement  in  marine  engines  is  to  a  great  extent  a 

record  of  higher  pressures,  and  the  additional  expansion  thereby  rendered 

possible.     Steam  can  undoubtedly  be  expanded  in  a  single  cylinder  as  it 

can  in  two,  or  three,  or  more,  supposing  separate  cut-off  valves  be  used. 

In  the  compound  engine  there  is  an  actual  loss  caused  by  the  expansion  of 

steam  in  passing  from  one  cylinder  to  another,  during  which  time  it  does 

no  work.     This  is  what  is  known  as  the  "  drop ''   between  the  indicator 

diagrams  taken  from  the  respective  cylinders,  and  it  is  undeniably  a  loss 

that  does  not  occur  with  simple  engines  in  which  the  expansion  takes  place 

continuously  in  one  cylinder  only.     The  loss,  however,  is  not  so  great  as 

would  at  first    sight  appear  by  the  comparison  of  the  diagrams,  as  the 

st^am,  supposing  no  water  to  be  present,   becomes   superheated  during 

expansion  in  the  intermediate  receiver  (a  consequence  of  no  external  work 

being  done),  and  this  excess  of  heat  above  that  due  to  the  pressure,  is  to 

some  extent  utilised  when  the  steam  passes  to  the  low  pressure  cylinder. 

Xo  action  of  this  sort  occurs  with  air  or  perfect  gases ;  steam,  however, 

if   dry,  does    become   superheated;   but,  as   a  matter   of    fact,   there   is 

generally  some  water  at  the  end  of  the  stroke,  which  would  boil  ofE  and 

become  steam.     If  the  water  were  suflScient  it  would,  of  course,  prevent 
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superheating,  but  the  water  boiled  off  into  steam  would  contribute  its 
share  of  work.  In  order  to  form  a  just  estimate  of  the  loss  from  the 
*'  drop/'  the  theoretical  curve  of  expansion  through  the  total  range  of 
expansion  should  be  drawn,  instead  of  the  difference  between  the  terminal 
pressure  in  the  high  and  the  initial  pressure  in  the  low  pressure  cylinder 
alone  being  considered.  The  method  of  constructing  this  diagram  was 
laid  down  by  Professor  Bankine,  and  has  since  been  copied  into  several 
text  books  treating  of  the  steam  engine. 

If  engine  cylinders  could  be  made  of  a  perfectly  non-conducting 
substance,  then  no  doubt  the  simple  expansive  engine  would  be,  perhaps^ 
on  the  whole  the  preferable  type,  but  it  is  not  rash  to  predict  that  such  a 
substance,  suitable  for  making  cylinders,  will  never  be  discovered,  and  the 
compound  engine  of  two  or  more  stages  is  likely  to  hold  its  own  so  long 
as  steam  is  used  as  a  motive  power;  indeed,  as  the  pressure  and  con- 
sequently the  heat  of  steam  increases,  ''  compounding  "  will  be  carried 
still  further.  Already  the  triple  compound  engine,  with  a  high,  medium, 
and  low  pressure  cylinder,  has  established  its  superiority  over  the  two- 
cylinder  compound,  and  there  are,  working  with  considerable  success, 
several  types  of  quadruple  compound  engines  having  four  cylinders,  the 
steam  expanding  from  one  to  another  consecutively. 

In  order  to  explain  this  part  of  our  subject  more  fully  it  is  necessary 
that  we  should  give  a  few  details  of  the  laws  which  govern  the  relation 
of  temperature  and  pressure  of  steam  towards  each  other.  Saturated 
steam  at  any  given  pressure  has  a  corresponding  temperature,  and 
any  heat  taken  from  the  steam  will  result  in  its  partial  or  complete 
liquefaction,  and  any  heat  subsequently  added  to  the  steam  will  cause  a 
portion  or  the  whole  of  that  which  has  liquefied  to  again  become  steam.  If 
saturated  steam  be  contained  in  a  closed  vessel  in  which  there  is  no  water,, 
any  heat  imparted  to  it  will  cause  what  is  called  superheating,  but  super> 
heating  cannot  take  place  so  long  as  water  is  present  with  the  steam,  as 
the  heat  goes  to  evaporate  the  water,  and  thereby  raise  the  pressure, 
for  the  higher  the  pressure  the  higher  the  temperature.  Saturated  steam, 
therefore,  is  steam  which  is  at  the  temperature  due  to  its  pressure  ;  any 
abstraction  of  heat  will  cause  liquefaction,  and  any  addition  of  heat  will 
lead  to  superheating  if  no  water  be  present.  Thus  steam  in  an  ordinary 
boiler  at  501b.  pressure  absolute  has  a  temperature  of  281°  Pahr.  If  all 
communications  with  the  boiler  were  closed,  and  the  fire  continued  in 
operation,  more  water  would  be  evaporated,  and  the  pressure  and  tempera- 
ture raised  until  the  whole  became  steam.  Supposing  this  occurred  when 
a  pressure  of  5001b.  to  the  square  inch  were  reached,  the  corresponding 
temperature  would  be  467°  Pahr.,  and  any  further  addition  of  heat  would 


Expansion  of  Steam.  245 


go  to  saperheat  the  steam^  whilst  any  abstraction  of  heat  would  caase 
water  to  again  form. 

When  saturated  steam^  at  a  given  pressure^  first  passes  into  the 
cylinder  a  part  of  the  heat  is  abstracted  from  the  steam  by  the  colder 
metal  composing  the  cylinder,  and  a  portion  of  the  steam  is  liquefied, 
forming  water.  Steam  from  the  boiler  presses  on  to  supply  the  place 
of  that  liquefied,  and  this  goes  on  until  the  cylinder  walls  are  of  the  same 
temperature  as  the  steam,  or  the  slide  valve  shuts  ofE  the  supply.  When 
the  latter  occurs  the  steam  goes  on  expanding,  parting  with  its  heat  in 
doing  work,  and  it  thus  becomes  lower  in  temperature  than  the  metal  of 
the  cylinder.  The  latter  in  turn  gives  up  the  heat  obtained  from  the  steam 
when  first  admitted,  and  the  water  in  the  cylinder  resulting  from  the  first 
liquefaction  becomes  again  evaporated,  and  adds  to  the  pressure  driving  the 
piston  forward.  It  will  thus  be  seen  that  the  walls  of  the  cylinder  rob  the 
steam  on  its  first  admission,  and  give  up  what  was  abstracted  during  the 
latter  part  of  the  stroke.  This  would  be  very  well  (at  least  very  well  in 
comparison  to  what  actually  occurs)  if  the  action  were  perfect ;  and, 
indeed,  in  one  respect  would  be  advantageous  as  tending  to  equalise  the 
turning  moment  on  the  crank,  but,  unfortunately,  the  greater  part  of  the 
heat  retained  by  the  cylinder  metal  is  not  given  ofE  until  the  return  stroke, 
when  the  exhaust  port  is  open  and  the  cylinder  in  communication  with  the 
condenser — a  part  of  the  machinery  where  heat  is  not  only  not  necessary, 
hot  absolutely  injurious,  as  tending  to  increase  the  volume  of  refrigerating 
water  required.  The  back  pressure  is  also  increased  to  an  appreciable 
degree  by  the  escaping  steam. 

It  will  be  easily  seen  from  what  has  been  said  how  desirable  it  is, 
from  one  point  of  view,  to  have  as  small  a  range  of  temperature  as  possible 
in  the  cylinder.  Heat,  however,  is  equivalent  to  work,  and  the  whole  power 
of  the  steam  engine  is  measured  by  the  range  of  temperature  between  the 
initial  and  final  pressures.  But  if  we  must  have  a  wide  range  of  tem- 
perature we  need  not  confine  it  to  one  cylinder.  If  we  cut  the  expansion 
short  in  one  cyclinder,  and  finish  it  in  another,  in  neither  will  there  be 
the  same  difference  of  temperature  that  would  exist  if  the  expansion  were 
carried  on  in  one  cylinder.  The  high-pressure  cylinder  will  not  be  at  any 
time  BO  cold,  nor  the  low-pressure  cylinder  at  any  time  so  hot,  whilst  the 
heat  absorbed  by  re-evaporation  that  takes  place  on  the  return  stroke  of 
the  high  pressure  cylinder  will  not  go  directly  to  the  condenser. 

It  is  a  good  thing  to  work  steam  expansively,  but,  like  many  other 
good  things,  it  may  be  overdone;  and  the  same  may  be  said  of  an 
extension  of  the  compound  system.  So  long  as  steam  pressures  did  not 
rise  above  301b.,  the  simple  expansive  engine  was  a  very  eJ9icient  apparatus. 
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and  the  long  time  that  elapsed  after  this  type  was  invented*  before  it 
came  into  use  was  no  doubt  due  to  the  difficulty  of  making  boilers  to  stand 
heavy  pressures.  With  the  general  introduction  of  the  cylindrical  boiler^ 
however,  the  chance  for  the  compound  engp.ne  arose,  and  its  use  soon 
became  all  but  universal  in  marine  practice.  The  use  of  steel  plates  for 
boiler  shells,  and  the  introduction  of  Fox's  corrugated  furnaces  enabled 
pressures  to  be  increased  from  601b.  to  1001b.  and  then  on  to  1601b.; 
since  then  sea-going  steamers  and  yachts  have  been  constructed  with 
boilers  pressed  from  1801b.  to  2201b.  At  the  time  of  writing  details  have 
just  been  received  of  a  cargo  steamer  with  engp.nes  designed  by  Mr.  Mudd, 
the  cylindrical  boilers  of  which  are  pressed  to  2551b.  to  the  square  inch. 
These  increases  in  pressure  have  enabled  triple  compound  and  quadruple 
compound  engines  to  supersede  the  two-cylinder  type  in  the  same  way 
that  the  latter  ousted  the  simple  expansion  engine. 

The  first  triple  compound  engine  was  fitted  to  the  steam  yacht  Isa, 
in  1877,  and  owned  by  Mr.  Hugh  Andrews,  of  the  Royal  Thames  Yacht 
Club.  The  engine  was  made  by  Messrs.  Douglas  and  Grant,  of  Kirkcaldy, 
for  a  working  pressure  of  1201b.,  and  may  be  regarded  as  the  precursor 
of  the  many  triple  cylinder  engines  now  in  use. 

Isa  is  a  two-masted  yacht,  118ft.  length  of  keel ;  18ft.  9in.  in  extreme 
breadth;  and  .lOft.  5in.  in  depth;  her  yacht  tonnage  being  248  tons. 
The  high-pressure  cyclinder  was  placed  above  the  intermediate  cylinder,  the 
respective  diameters  of  the  three  being  lOin.,  15in.,  and  28in.,  and  all 
with  a  2ft.  stroke,  driving  on  to  two  cranks ;  one  boiler,  8ft.  9in.  diameter, 
and  8ft.  6in.  long,  with  two  furnaces,  and  106  2fin.  tubes.  The  shell 
plates  of  iron,  lin.  thick ;  boiler  proved  to  2501b.,  and  for  a  daily  working 
pressure  of  1201b.,  indicating  a  little  over  200-horse  power,  on  a  con- 
sumption, it  is  said,  of  3001b.  of  coal  per  hour. 

Since  the  success  of  the  triple  engine  has  been  established  it  has 
practically  been  universally  introduced  in  steam  yachting. 

The  economy  of  using  steam  at  very  high  pressures  is  primarily  due  to 
the  fact  that  for  all  pressures  the  consumption  of  heat,  or,  in  other  words, 
fuel,  to  produce  it,  is  approximately  the  same.  Next,  as  the  efficiency  of 
high  pressure  steam  is  much  greater  than  that  of  comparatively  low  pressure, 
and  as  it  can  be  obtained  at  a  nominal  extra  cost,  there  is  every  induce- 
ment to  use  it.  For  instance,  the  total  heat  expended  in  evaporating  lib. 
of  water  from  100°  Fahrenheit  to  312°,  equal  to  801b.  pressure,  is  1108-6 
thermal  units ;  and  the  total  heat  required  to  evaporate  lib.  of  water  from 
100°  to  358°,  equal  to  1501b.  pressure,  is  1122*4.     That  is,  the  expenditure 

*  The  compound  engrine  was  invented  by  Homblower  in  1781,  and  some  time  after  Woolf 
added  the  condenser. 
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of  heat  to  produce  steam  of  1501b.  pressure  is  only  1*0117  times  greater 

than  that  required  to  produce  steam  at  801b.  pressure.     In  other  words 

(leaving  out  of  sight  the  greater  efficiency  of  steam  at  1501b.  pressure),  if 

5001b.  of  coal  were  consumed  in  maintaining  250  I.H.P.  for  one  hour  from 

steam  at  801b.  pressure,  only  5061b.  of  coal  would  be  required  to  maintain 

the  same  I.H.P.  from  steam  at   1501b.  pressure.     But,  as  a  matter  of  fact, 

owing  to  the  rapid  increase  in  the  efficiency  of  the  steam  at  the  higher 

pressures,  such  a  considerable  reduction  would  be  made  in  the  weight  of 

steam  employed  to  develope  the  250  I.H.P.  that  the  consumption  of  coal 

would  be  considerably  less  than  5001b.     So  far  as  present  experience  goes, 

the  actual  saving  of  fuel  in  using  steam  of  1501b.  pressure  with  three 

cyUnders,  as  against  steam  of  801b.  pressure  with  two  cylinders,  is  20  per 

cent.;   and  18    per  cent,  between   steam   of  1001b.  pressure   and   1501b. 

pressure.     This  takes  into   account  a  slight  loss  in  the  efficiency  of  the 

triple  engine  due  to  an  increase  of  friction  from  the  extra  number  of  parts, 

Ac.    Thus,  to   follow  out  the  foregoing  illustration,  only  4201b.  of  coal 

would  be  required  to  produce  the  250  I.H.P.,  as  the  consumption  per 

I.H.P.  per  hour  would  be  r61b.  instead  of  21b.     This  greater  economy  of 

the  higher  pressure  steam  is  mainly  due  to  the  higher  rate  of  expansion 

possible,  representing  work  done ;  to  the  smaller  range  of  temperature  in 

the  cylinders ;  and  to  the  reduced  '^drop  "  in  the  receiver  pressure  from  the 

terminal  pressure  of  the  steam  as  it  leaves  the  high  pressure  cylinder.     But 

also  a  measure  of  the  economy  is  attributed  to  the  initial  stress  being  smaller 

than  that  consequent  upon  the  heavier  load  on  the  high  pressure  cylinder  in 

the  two  cylinder  engine ;  and  to  the  possibility  of  getting  comparatively  a 

greater  amount  of  work  out  of  the  low  pressure  cylinder.     The  loads  on  the 

three   cranks   being   more   distributed    in    the    triple   compound    engine 

than  they   are   in   the   double,  it  follows  that  the  working  stresses  are 

smaller ;  in  fact,  it  has  been  calculated  that  the  average  stresses  are  40  per 

cent,  smaller.     The  running  of  a  three  crank  shaft  is  also  more  even  than 

that  of  a  two  crank,  and  consequently  the  efficiency  of  the  propellor  is 

greater;  also  the  three  crank   engine  can   be  run  at  lower  speeds  than 

a  two  crank,  which  may  be  of  occasional  advantage.     It  will  be  noted  that 

these  advantages  will  not  exist  if  the  triple  cylinder  engine  is  arranged 

with  the  high  pressure  cylinder  above  the  intermediate  pressure  cylinder, 

making  what  is  known  as  the  tandem  engine,  as  there  will  be  only  the  two 

cranks  as  in  the  ordinary  two  cylinder  compound  engine;  but  the  other 

advantages   due  to  the  expansion  of  the  steam   and  the  small  range   of 

temperature    in    each    cylinder   will    be    the    same   whether    the    triple 

engine  be  tandem  or  not.     Of  course,  the  objection  to  three  cranks  is 

that   tbe   engine  must  take  up  more  room   in  a  fore  and  aft  direction. 
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and  hence  the  object  of  the  tandem  arrangement.  This  question  of 
space  is  the  principal  objection  which  can  now  be  raised  to  the  three 
crank  triple  compound  engine,  as  it  is  termed.  Of  course,  there  is 
the  question  of  the  greater  heat  due  to  steam  of  1501b.  pressure, 
but  that  could  scarcely  be  urged  as  a  valid  objection  to  using  steam 
of  1501b.;  there  are  also  the  questions  of  the  extra  care  required  in 
using  the  boiler,  which  might  mean  a  better  class  and  more  highly 
paid  engineer;  and  there  is  the  question  of  the  greatly  increased  first 
cost  of  the  triple  compound  engine.  If  a  yacht  owner  contemplates 
long  voyages  the  reduced  coal  bill  will  soon  make  up  for  the  extra  cost  of 
the  boiler  and  machinery,  and  for  general  use  the  reduced  wear  and  tear 
will  go  a  long  way  towards  compensating  for  the  extra  first  cost.  With 
regard  to  the  greater  fore  and  aft  space  required  by  the  triple  cylinder 
engine,  it  may  be  said  that  the  latest  design  and  arrangement  of  valve 
chests  show  that  the  triple  cylinder  engine  need  occupy  so  little  more  room 
in  a  fore  and  aft  direction,  that  the  objection  under  this  head  practically 
disappears ;  and,  moreover,  in  some  cases  the  reduced  consumption  of  fuel 
might  admit  of  a  cross  coal  bunker  being  dispensed  with,  and  thus  there 
would  be  an  actual  gain  in  fore  and  aft  engine-room,  boiler  and  coal  space. 

By  the  use  of  a  steam  jacket  to  the  cylinder  supplied  direct 
from  the  boiler,  it  was  expected  at  one  time  that  the  evils  arising 
from  liquefaction  in  the  cylinders  would  be  got  over.  Experience  in 
practical  work  has  not  completely  justified  this  assumption.  By  experi- 
ments it  has  been  found  that  the  feed  water  used  per  indicated  horse 
power  per  hour  when  the  jackets  were  not  in  use  was  16'871b.,  and  when 
the  jackets  were  filled  with  steam  it  was  171b.;  on  another  trial  the 
figures  were  16'971b.  and  17*  161b.  But,  even  allowing  a  high  efficiency  for 
steam  jackets  when  properly  attended  to,  it  is  seldom  that  that  desirable 
condition  can  be  insured  at  sea. 

Mr.  Thornycroft  with  his  small  fast  launches  first  brought  home 
to  the  marine  engineering  world  the  value  of  high  piston  speeds.  His 
well-known  and  now  historical  Miranda  ran  with  a  speed  of  piston 
amounting  to  800ft.  per  minute  ;  and  some  of  the  torpedo  boats  since  built 
have  gone  as  high  as  880ft.  per  minute — a  speed  up  to  that  time  never 
seen  in  any  general  practice  excepting  that  of  locomotive  driving. 
Although  the  number  of  reciprocations  for  any  given  speed  of  piston  are 
naturally  greater  with  small  than  with  large  engines,  yet  it  is  less 
dangerous  to  run  the  light  working  parts  of  a  launch  engine  at  a  high 
speed  than  those  of  the  machinery  in  larger  vessels.  Considerable 
advances  have,  however,  been  made  in  this  respect  within  the  last 
year    or    two ;    and    the   twin    screw    engines    of    the    cruisers    of    the 
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Phaeton  class  (5500  l.H.P.)  ran  ai  800ft.  per  minute,  the  stroke 
being  4ft.  These  are  horizontal  engines;  but  the  Atlantic  liner 
Umbria  on  her  trial  trip  made  seventy  revolutions  per  minute,  the 
piston  speed  being  840ft.,  the  horse  power  developed  being  14,300 
indicated.  This  piston  speed  is  said  to  have  been  exceeded  in  some 
of  the  more  recent  vessels ;  the  Majestic  making,  we  believe,  900ft.  per 
mmute,  whilst  the  battle-ship  Renown  reached  to  a  still  higher  piston 
speed  on  her  full  speed  trial  with  one  set  of  engines. 

With  high  piston  speeds  the  variations  in  temperature  of  the  steam 
have  not  so  much  time  to  communicate  themselves  to  the  metal  of  the 
cylinder,  and  the  process  of  liquefaction  and  re-evaporation  which  has 
been  previously  described  is  therefore  less  marked.  With  high  piston 
speeds  steam  jacketing  would  be  less  effective,  as  the  evil  it  is  intended  to 
counteract  is  not  present  to  the  same  degree.  . 

A  quick  running  engine  is  ceteris  paribus  a  light  engine,  for  naturally 
two  revolutions  will  do  more  towards  propelling  a  boat  than  one.  It  may 
be  said  generally  that  high  piston  speed  is  one  of  the  most  necessary  features 
in  fast  vessels.  Lightness  in  the  moving  parts  is  a  prime  necessity  with 
increased  velocity  of  movement,  and  the  application  of  steel  to  marine 
engineering  practice  has  contributed  largely  to  this  end.  In  the  navy 
cylinder  liners,  pistons,  piston  rods,  connecting  rods,  and  shafting  are 
made  of  steel,  which  not  only  strengthens  and  lightens  the  parts,  but,  by 
its  superior  hardness  and  smoothness  of  surface,  reduces  the  wear  on  the 
rubbing  parts.  Cast  steel  dished  pistons  are  now  very  much  used  in  the 
highest  class  of  marine  engines,  and  are  said  to  afford  a  saving  of  35  per 
cent,  in  weight  over  the  old  cast  iron  pistons.  Accurate  counter-balancing 
of  the  moving  parts  is  also  a  most  important  feature  in  the  design  of  quick 
running  engines. 

The  Institution  of  Mechanical  Engineers  appointed  a  "Research 
Committee  on  Marine  Engine  Trials.*^  Up  to  the  present  time  this  com- 
mittee has  issued  two  reports,  which,  even  if  they  do  not  bear  out  the  hopes 
that  were  entertained  when  the  committee  was  formed,  are  valuable  contri- 
butions to  our  too  limited  knowledge  on  this  subject.  The  reports  have 
taken  the  form  of  papers  read  by  Professor  Alexander  Kennedy,  F.R.S., 
•chairman  of  the  committee,  at  meetings  of  the  Institution. 

On  pages  251  and  252  is  given,  in  the  form  of  a  table,  the  results  of 
the  trials  made  by  this  committee  so  far  as  they  have  been  made  public. 

The  data  given  in  the  table  is  so  full  that  the  figures  speak  for  them- 
selves.   A  few  remarks  in  further  explanation  may,  however,  be  made. 

The  Meteor  is  a  passenger  vessel  running  between  London  and 
Edinburgh.     Such  vessels  are  not  built  so  much  with  regard  to  economy 
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in  coal  consumption  as  to  obtain  speed,  and  we  know  the  two  qualities  are 
largely  antagonistic.  This  must  be  remembered  when  comparing  the 
performance  of  this  ship  with  the  others,  especially  the  second  triple 
compound  ship,  the  Tartar.  It  will  be  seen  that  the  efficiency  of  the 
engine  in  the  Meteor  is  high,  and,  although  the  efficiency  of  the  boiler 
is  less  than  that  of  the  Fusi  Tama,  the  combined  efficiency  is  the  best 
shown.  It  is  to  be  regretted,  however,  that  the  water  condensed  in  the 
jacket  was  not  measured  separately  as  it  is  doubtful  how  far  the 
jacket  was  effective.  It  would  have  been  interesting  had  a  trial  been 
run  with  the  jackets  entirely  shut  off.  Of  course  such  points  as  these 
detract  from  the  value  of  the  figures  given ;  but,  in  the  case  of  marine 
engine  trials,  we  must  be  thankful  for  what  we  can  get  and  use  onr  brains  in 
putting  the  data  to  practical  use.  With  regard  to  the  Tartar,  the  priming  of 
the  boiler  was  so  excessive  that  many  of  the  figures  depending  immediately 
on  boiler  performance  must  be  taken  with  considerable  reserve.  It  is  for 
this  reason  that  the  efficiency   of   the  engine  is  not  stated. 

The  Fusi  Tama  may  be  described  as  an  ordinary  trading  vessel  working 
under  the  usual  conditions.  She  is  632  registered  tonnage.  The  Colchester 
is  one  of  the  Great  Eastern  Eailway  Company's  passenger  boats.  She 
has  twin  screws  and  runs  between  Harwich  and  Antwerp.  The  Tartar 
is  described  as  supplying  *'an  excellent  example  of  modem  economical 
engines  in  a  cargo-carrying  steamer."  Her  gross  registered  tonnap^  is. 
2389  tons.  When  she  was  tried  by  the  committee  she  had  only  the 
water  ballast  in  her  tanks.  The  weather  was  very  bad  during  the  run^ 
which  was  from  the  Thames  to  Portland,  and  there  was  often  considerable 
difficulty  in  taking  observations. 

The  inverted  compound  condensing  engine  of  two  or  more  stages  has 
been  so  universally  adopted  in  marine  practice,  and  its  merits  above  all 
other  types  are  so  generally  acknowledged,  that  reference  to  other 
descriptions  is  hardly  necessary  in  connection  with  sea-going  screw 
steamers.  Variations  in  designs  are  sometimes  adopted.  The  cylinders 
are  occasionally  placed  tandem  wise  one  above  the  other,  or  diagonally  in 
the  vessel,  both  these  plans  being  followed  in  order  to  save  fore-and-aft 
space,  but  the  judicious  engineer  adheres  to  the  usual  arrangement.  At 
times,  however,  the  exigencies  of  design  and  construction  necessitate  the 
introduction  of  unusual  arrangements  when  the  vessel  is  intended  for  any 
special  service.  We  shall  not  here  attempt,  for  obvious  reasons,  to  give 
directions  for  designing  marine  engines.  Those  who  wish  for  fuller 
directions  in  this  respect  would  do  well  to  study  the  many  excellent  works 
devoted  to  the  science ;  although  engine  designing  is  to  be  but  imperfectly 
learned  from  books,  the  only  satisfactory  school  being  the  drawing  office^ 
the  shop,  and  the  steamship [^at  sea. 
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Having  dealt  with  the  question  of  triple  compounding,  there  is  not 
much  left  to  say  on  the  various  types  of  machinery.  In  large  steamships 
two  low-pressure  cylinders  are  often  used,  steam  from  the  high-pressure 
cylinder  exhausting  into  each  one  independently  of  the  other — a  plan  that 
must  not  be  confused  with  the  triple  compound,  in  which  the  steam  passes 
from  the  high  to  the  intermediate,  and  then  to  the  low-pressure  cylinder. 
The  reason  that  two  low-pressure  cylinders  are  used  is  mainly  on  account 
of  the  difficulty  in  getting  such  large  castings  as  would  be  required  were 
one  cylinder  used.  This  trouble  seldom  arises  in  connection  with  yacht 
machinery.  The  Lady  Torfrida  has,  however,  two  low-pressure  cylinders 
arranged  in  the  way  described.     In  the  smaller  classes  of  steam  yachts^ 


Fig.  124. 
several  novel  types  of   engine  have  been  from  time   to  time  introduced. 
Of  late  the  plan  of  splitting  the  low-pressure  cylinder  has  been  followed 
in  marine  engines  not  of  the  largest  size.     Several  of  the  torpedo  boat 
destroyers  have  engines  on  this  plan. 

Another  ingenious  launch  engine,  the  invention  of  Mr.  Kingdon, 
Torquay,  has  been  introduced  by  Messrs.  Simpson  and  Strickland,  of 
Dartmouth,  and  is  worthy  of  notice  here,  as  it  has  been  largely  used  for 
launches  and  small  steam  yachts.  It  is  an  inverted  direct-acting  tandem 
engine,  and  has  now  been  in  use  some  years.  As  shown  by  Pig.  124,  the 
steam  is  distributed  to  both  the  high  and  low  pressure  cylinder  by  a  single 
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valve,  there  being  one  valve  chest  common  to  both  cylinders.  The  full 
boiler  pressure,  less  the  small  loss  between  the  boiler  and  the  engine,  is 
therefore  pressing  on  the  whole  valve  area  of  the  engine,  forcing  it  up  to 
the  cylinder  face,  and  the  loss  from  this  cause  must  be  considerable.  So 
far  as  we  are  aware  the  makers  have  never  adopted  any  means  for  relieving 
this  abnormally  large  valve  from  the  fuU  boiler  pressure.  The  high- 
pressure  cylinder  is  placed  immediately  above  the  low-pressure  cylinder, 
the  bottom  of  the  former  being  also  the  top  of  the  latter.  There  are, 
therefore,  no  stuffing  boxes  between,  as  in  ordinary  tandem  engines,  but 
for  keeping  the  steam  from  passing  from  one  cylinder  to  the  other  reliance 
is  placed  on  a  number  of  concentric  grooves  which  are  turned  in  the  rod 
connecting  the  two  pistons,  this  rod  being  a  good  sliding  fit  to  the  hole  in 
the  division  between  the  two  cylinders  in  which  it  works.  When  the  rod 
is  travelling  upwards,  the  under  part  of  the  high-pressure  piston  is  subject 
to  pressure  whilst  the  top  end  of  the  low-pressure  cylinder  is  open  to 
exhaust ;  during  that  titne  it  is  of  course  undesirable  for  steam  to  pass 
through  the  hole  in  which  the  piston  rod  works,  and  it  is  claimed  that  any 
steam  attempting  to  pass  is  caught  in  the  grooves  in  the  rod  and  brought 
back  by  the  upward  travel.  On  the  down  stroke,  when  the  steam  is 
exhausting  from  the  under  side  of  the  top  piston  to  above  the  lower  piston, 
it  is  of  coarse  no  disadvantage  for  the  steam  to  pass.  With  this  engine 
steam  is  carried  almost  full  stroke,  the  expansion  being  obtained  by  the 
•difEerence  between  the  capacity  of  the  two  cylinders.  Messrs.  Simpson  and 
Strickland  adopt  the  outside  pipe  condenser,  of  the  type  to  which  reference 
has  been  made  elsewhere  in  these  pages.  They  have  obtained  very 
successful  results  by  its  use.  It  is  most  effective  when  its  external  surface 
is  kept  clean,  and  a  coat  of  paint  renders  it  almost  inoperative.  They 
have  also  a  special  form  of  feed  and  air  pump  which  works  admirably, 
being,  so  far  as  we  have  ever  been  able  to  hear,  practically  unfailing  in  its 
-action.  For  launches  the  Kingdon  has  come  into  extensive  use;  also 
larger  engines  for  yachts  have  in  some  cases  given  satisfaction. 

An  engineer  in  the  Royal  Navy  made  some  experiments  with  a  set  of 
these  engines  in  the  summer  of  1884  in  a  26ft.  launch.  The  cylinders  were 
two  2in.  and  two  5in.,  with  4iin.  stroke.     The  following  were  the  results : 


Data. 

Nnmber  of  hours  run,  6. 

Miles  run,  48. 

Ayerage  steam  pressure,  651b. 

Water  evaporated,  1251  gallons  =  12551b. 

Coal  burnt,  1201b. 

Grate  surface,  3*7  square  feet. 

Indicated  horse  power,  7. 

Revolutions,  mean,  350. 

Vacuum,  25in. 


Besults. 

Speed  =  6*95  knots  per  hour. 

Water  evaporated  =  29-81b.  per  I.H.P. 

Water  evaporated  =  10* 041b.    per  pound 

of  coal. 
Coal  burnt  —  201b.  per  hour. 
Coal  burnt  ^  2-851b.  per  I.H.P.  per  hour. 
Coal  burnt  =  2* 51b.  per  mile. 
Coal  burnt  =  5*41b.  per  square  foot  of  grate 

per  hour. 
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It  is  often  thought  that  et;onomy  in  the  matter  of  steam^  or  in  other 
words  in  coal^  is  not  looked  for  in  steam  launches ;  this  perhaps  may 
be  true  in  some  cases^  where  a  launch  is  only  required  for  an  occasional  run 
of  an  hour^  but  where  the  ruu  comes  to  nine  or  ten  hours  it  is  quite  a 
different  affair^  and  in  selecting  engines  for  a  steam  launch  the  conditions 
of  running  should  always  be  considered. 

Next  to  the  introduction  of  the  triple  compound  engine,  the  subject 
that  claims  most  attention  from  users  of  steam  in  the  present  day  is  the 
application  of  forced  draught  for  urging  the  eombustion  in  the  boiler 
furnaces.  Increasing  the  steam  generative  capacity  of  a  boiler  by  means 
of  the  steam  blast  in  the  chimney  is  the  common  method  of  obtaining 
higher  power  than  ordinarily  required.  The  use  of  the  steam  jet  is,  however, 
highly  objectionable  in  many  ways,  the  principal,  in  a  pleasure  craft,  being 
the  hissing  of  the  escaping  steam — a  most  aggravating  sound,  especially  to 
the  engineer,  as  it  is  generally  associated  in  his  mind  with  badly  designed 
machinery  in  which  the  boiler  is  not  up  to  its  work.  The  use  of  the  steam 
blast  also  causes  irregularity  in  the  feed  by  abstracting  water  from  the 
boiler  which  is  not  returned,  and  for  the  destructive  effect  it  has  on  the 
funnel.  By  means  of  the  steam  jet,  an  increased  combustion  of  40  to 
50  per  cent,  may  be  obtained  over  that  dae  to  natural  draught,  but  the 
gain  in  power  is  not  above  15  per  cent.,  showing  a  loss  in  economy  of  from 
25  to  36  per  cent.  By  substituting  a  centrifugal  fan  or  blower,  by  which 
air  is  forced  under  the  grate  bars  and  through  the  burning  fuel,  the  evils 
accompanying  the  steam  blast  are  obviated,  whilst  nearly  all  the  advantages 
gained  by  the  use  of  the  latter  are  obtained  in  a  far  greater  degree. 

There  are  several  ways  of  applying  forced  draught  by  the  fan,  but 
the  one  that  may  be  said  to  have  come  into  general  practical  use  in  this 
country  is  by  blowing  air  into  the  stoke-hold,  which  is  made  substantially 
air-tight  for  the  purpose,  so  that  all  the  air  forced  in  by  the  fan  must  pass 
into  the  ash  pit,  and  thence  through  the  fire  and  up  the  chimney.  This  is 
the  plan  adopted  in  torpedo  boats,,  and  the  enormous  power  contained  in 
small  compass  and  within  a  low  weight  of  machinery,  and  the  consequent 
high  speeds  reached  by  these  vessels  are  mainly  due  to  the  use  of  the  fan. 

Shutting  up  the  stoke-hold  so  as  to  render  it  air-tight  may  be,  to 
some  extent,  objectionable,  more  especially  where  the  engine  and  stoking 
space  are  undivided.  To  meet  this  difficulty  the  plan  of  supplying  the 
ashpit  with  air-tight  doors  and  blowing  air  directly  into  it  has  been  tried 
successfully  in  the  case  of  the  steam  yacht  Speedy  by  using  Parson's  turbine 
system.  There  is  one  small  drawback  to  this,  for  as  a  higher  air  pressure  is 
obtained  in  the  furnace  than  in  the  stoke-hold,  there  will  be  an  escape  of 
hot  gases  and  flame  so  soon  as  the   furnace  door  is   opened.     Another 
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difficulty  that  attended  the  first  introduction  of  this  system  was  the 
unequal  distribution  on  the  surface  of  the  grate  of  the  air  supplied^  as  one 
part  of  the  bars  might  be  receiving  the  full  force  of  the  blasts  whilst 
another  would  be  comparatively  uninfluenced  by  it. 

Plans  have  been  proposed  for  overcoming  the  difficulty  of  the 
escaping  flames  by  shutting  off  the  draught  before  opening  the  furnace 
door;  but  accidents  have  occurred  through  neglect  of  the  precaution. 
The  late  Mr.  Willans  introduced  an  excellent  plan  for  forcing  the  ash  pit 
draught  in  small  boats,  which  overcomes  this  difficulty. 

Blowers  or  fans  have  also  been  fitted  into  the  base  of  chimneys  of 
steam  boilers  in  order  to  draw  the  air  through  the  fire,  notably  in  the  case 
of  Martinis  '^  induced  draught'^  in  the  steam  yacht  Fauvette.  It  has  been 
suggested  that  a  satisfactory  forced  draught  might  be  obtained  by  injecting 
air  under  pressure  into  the  base  of  the  chimney  in  much  the  same  way  that 
the  ordinary  steam  jet  is  applied.  The  French  naval  authorities  are  said 
to  have  tried  this  method  in  a  war  vessel  by  way  of  experiment.  Although 
this  plan  may  have  advantages,  we  do  not  anticipate  it  is  likely  to  come 
into  use  for  yachting  purposes. 

Trials  have  been  made  with  a  torpedo  boat  to  ascertain  if  means  of 
creating  sufficient  blast  other  than  by  the  closed  stoke-hold  system  could 
be  introduced,  and  the  fan  was  driven  so  hard  as  to  give  an  air  pressure  of 
12in.  of  water.  Nozzles  of  different  sizes,  from  2in.  up  to  Sin.  in  diameter, 
and  a  slit  ring  placed  in  the  chimney,  but  the  results  were  disappointing, 
the  best  obtained  being  with  a  nozzle  3^in.  diameter,  but  this  was  no  better 
than  the  ordinary  draught,  and  was  not  one-half  so  effective  as  a  draught 
equal  to  2in.  of  water  applied  in  the  ordinary  way  with  closed  stoke-hold. 

On  the  whole,  then,  it  would  seem  that  the  way  of  applying  the  fan, 
which  has  proved  itself  to  be  most  successful  (and  which  was  patented  by 
Mr.  L.  B.  Fletcher,  M.I.C.E.,  about  thirty  years  ago)  is  by  means  of 
keeping  the  stoke-hold  under  pressure,  but  it  is  not  approved  of  for 
yachts. 

The  French  Government  have  used  fan  draught  with  ordinary  boilers 
for  several  years,  whilst  Messrs.  Sir  W.  Gr.  Armstrong  and  Co.  have  carried 
the  system  out  successfully  in  some  fast  cruisers  which  they  have  built  for 
foreign  Governments.  Provision  is  now  made  for  the  application  of  a  system 
by  closed  stoke-holds  in  all  the  most  important  ships  in  the  Royal  Navy. 

Recently  forced  draught  has  fallen  considerably  in  public  opinion,  and 
one  distinguished  naval  officer  has  gone  so  far  as  to  style  it  '^  the  invention 
of  the  Evil  One."  Those,  however,  who  take  public  opinion — even  when 
fortified  by  the  support  of  gallant  admirals — as  their  guide  in  engineering 
matters,  are  likely  to  go  far  astray.     The  accidents  to  Her  Majesty^s  ships. 
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which  hare  been  so  picturesquely  dealt  with  by  reporters  of  the  daily  press 
during  the  naval  manoeuvres^  as  far  as  they  have  been  caused  by  forced 
draught  at  all,  have  been  caused  by  the  abuse  of  forced  draught,  and  have 
nothing  to  do  with  the  principle. 

The  best  way  to  supply  the  necessary  air  for  combustion  in  a  marine 
furnace  is  by  mechanical  means.  During  the  annual  meeting  of  the  Institu- 
tion of  Naval  Architects  held  in  1883,  Mr.  R.  J.  Butler  read  a  paper  on  the 
subject  of  forced  draught,  which  was  based  on  some  trials  of  two  of  Her 
Majesty's  ships,  the  Satellite  and  Conqueror.  In  the  1886  session  of  the 
same  institution  the  late  Mr.  E.  Sennett,  formerly  Bngineer-in-Chief  to  ithe 
Royal  Navy,  also  read  a  paper  on  this  subject.  Mr.  Howden  has  also  rjsad 
papers  before  this  institution,  in  which  he  dealt  with  his  system  of  forced 
draught.  These  papers  form  a  most  important  contribution  to  the 
lit-erature  of  this  subject,  and  as  the  facts  illustrate  fundamental  princij)les 
we  cannot  do  better  than  quote  them,  although  the  experiments  are  now 
some  years  old. 

The  Satellite  is  a  single-screw  ship  of  1420  tons  displacement.  Her 
I.H.P.  on  trial  with  natural  draught  was  1116.  She  has  compound 
condensing  engines,  with  high-pressure  cylinder  36in.  diameter,  tad 
low-pressure  cylinder  62in.  diameter,  length  of  stroke  being  30in.  The 
eooHng  surface  in  the  condenser  is  1900ft.  The  boilers,  four  in  number, 
are  of  the  long  circular  or  gunboat  type,  previously  described,  in  which  a 
large  combustion  chamber  with  a  hanging  bridge  is  situated  at  the  back  of 
the  furnace,  beyond  which  again  extend  the  tubes.  The  total  grate  areti  is 
110  square  feet,  the  total  heating  surface  being  2920  square  feet,  2430  square 
feet  of  this  being  comprised  in  the  tubes,  which  are  of  iron.  The  funnel  is 
50ft.  high,  measured  from  the  furnace  dead-plate,  the  cross  area  being 
15  square  feet.  For  forcing  the  draught  there  are  two  fans,  each  5ft.!  in 
diameter,  actuated  by  a  single-cylinder  engine  7in.  in  diameter  by  4in. 
stroke. 

Tliis  vessel  was  tried  against  two  sister  ships,  the  hulls  and  machinery 
being  alike  in  all  respects  excepting  that  the  Satellite  had  her  fans  and 
machinery  for  forcing  the  draught,  appliances  which  the  Heroine  and 
Hyacinth,  the  other  two  vessels,  lacked.  The  results  of  these  trials  are 
given  in  table  A. 

From  column  10,  line  5,  in  this  table  it  will  be  seen  that  the  use  of  the 
fan  g*ave  an  air  pressure  sufficient  to  raise  a  column  of  water  varying 
between  l}in.  to  2in.,  and  this  resulted  in  each  square  foot  of  gr!ate 
area  becoming  about  63  times  per  cent,  more  effective  for  steam  generating 
purposes  than  when  working  with  natural  draught,  the  latter  being  shown 
in  column  1.      Further,  the  fan  draught  renders  a  given  area  of  grate 
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surface  over  29  per  cent,  more  effective  than  when  the  steam  blast  is  used, 
as  shown  by  column  5  and  10  respectively. 

It  will  be  noticed  that  the  total  power  developed  was  not  always 
greatest  with  the  highest  pressure,  the  reason  of  this  being  that  the 
engines  would  not  take  all  the  steam  generated  by  all  the  boilers  when 
working  with  the  higher  pressures  for  draught,  and  therefore  some  of  the 
boilers  had  to  be  thrown  out  of  use.  On  this  account  line  17,  in  which 
the  power  developed  per  square  foot  of  grate  is  given,  should  be  the  one 
used  in  forming  an  estimate  of  the  varying  powers  obtained  under  the 
different  conditions  of  trial  enumerated. 

One  attempt  was  made  to  run  all  the  boilers  using  the  fan  draught 
and  commencing  with  an  air  pressure  of  l^in.,  but  the  engines  would  not 
take  the  steam,  so  the  trial  was  abandoned  after  1570  I.H.P.  had  been 
reached,  the  engines  making  126  revolutions. 

It  is  interesting  to  note  that  Jin.  air  pressure  with  stoke-hold  closed 
gives  about  the  same  power  as  when  running  with  natural  draught  in  the 
ordinary  way,  as  may  be  seen  by  comparing  columns  1  and  10.  With  iin. 
air  pressure  the  result  was  about  the  same  with  regard  to  power  developed 
as  that  obtained  with  the  four  i^in.  blast  nozzles  in  operation,  the  I.H.P. 
per  square  foot  of  grate  being  respectively  13*1  and  13*0  as  shown  in 
columns  5  and  8. 

The  5ft.  fans  of  the  Satellite  when  working  at  400  revolutions  per 
minute  sustained  an  air  pressure  equal  to  IJin.  of  water,  and  each  additional 
fifty  revolutions  produced  approximately  an  increase  of  0'3in. 

In  feeding  the  boilers  care  was  required  to  prevent  the  water  from 
rising  higher  than  about  6^in.  over  the  crowns  of  the  fire  boxes,  as  slight 
priming  occurred  whenever  that  height  was  exceeded.  During  the  Con- 
queror's trials,  however,  there  was  no  symptom  of  priming.  The  boilers  were 
in  each  case  filled  with  fresh  water  for  the  purposes  of  the  trials.  The 
best  Welsh  coal  was  used,  and  the  stokers  were  trained  men  from  the 
reserves. 

During  the  trial  of  the  Satellite,  detailed  in  column  6,  the  temperature 
of  the  escaping  gases  in  the  uptake  was  as  high  as  from  1000  to  1200  Fahr. 
as  taken  by  pyrometer.  On  the  trial  of  the  Heroine  (column  4)  a 
pyrometer  similarly  placed  recorded  a  temperature  from  775  to  850 
Fahr. 

Mr.  Butler  estimated  from  the  data  he  had  collected  that,  with  suitable 
ertgines,  the  steaming  power  of  the  low  boilers  may  be,  by  employing 
forced  draught,  increased  by  about  30  per  cent,  beyond  the  maximum 
power  hitherto  obtained  with  the  steam  blast,  and  this  increase  of  effect  is 
even  greater  in  the  case  of  the  high  (return  tube)  boilers. 
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With  regard  to  the  endurance  of  the  boilers,  there  can  be  no  doubt 
that  the  frequent  use  of  the  forced  draught  would  produce  a  great  diminu- 
tion in  the  life  of  those  parts  subjected  to  the  intense  heat.  But  probably, 
under  the  conditions  that  will  obtain,  this  will  not  be  of  serious  moment.  An 
examination  of  the  boilers  of  the  Satellite  and  Conqueror  after  the  trials, 
showed  they  had  not  suffered  to  an  unusual  extent  by  the  exposure  to  the 
intense  heat  for  the  short  time  the  trials  lasted.  Only  two  or  three  of  the  iron 
tubes  were  found  to  be  weeping  in  the  low  boilers ;  and  in  the  Conqueror's 
a  few  seams  and  rivets,  and  about  twenty  of  the  tubes,  were  leaking 
slightly. 

It  is  much  to  be  regretted  that  no  trials  were  made  with  these  ships 
to  ascertain  the  effect  of  forced  draught  on  the  consumption  of  coal. 
Naturally,  however,  the  ratio  of  fuel  to  the  power  developed  advanced  at  a 
very  rapid  rate.  It  will  not  be  supposed,  however,  that  forced  draught  is 
in  itself  uneconomical ;  in  fact,  the  reverse  of  this  is  true.  The  reason  the 
higher  air  pressures  were  less  economical  in  the  Satellite  was,  that  her 
boilers  were  designed  to  work  with  natural  draught,  and  therefore 
there  was  not  heating  surface  enough  to  absorb  the  additional  heat 
generated  when  the  fan  was  in  use,  with  a  fair  approach  to  an  economical 
result. 

The  late  Mr.  Sennett,  in  his  paper,  dealt  with  the  forced  draught  trials 
of  five  war  vessels,  and  his  information  is,  so  far,  more  interesting  than  Mr. 
Butler's,  because  he  gives  figures  as  to  coal  consumption.  We  have  not 
space  to  deal  with  the  trials  of  all  the  vessels  described  by  Mr.  Sennett,  but 
will  merely  give  the  details  of  the  trial  of  the  Caroline,  as  she  is  a  sister 
ship  to  the  Satellite,  the  machinery  being  practically  the  same  in  both  vessels. 

Forced  Draught  Tbiix  of  H.M.S.  ''Caroline." 

Date  of  trial March,  1885. 

Duration  of  trial  6  hours 

Number  of  boilers  used    2 

Mean  steam  pressure  in  boilers 84*52 

Mean  air  pressure  in  boiler  room  in  inohes  of  water    1*5 

Mean  pressure  in  cylinders  in  pounds  per  C  High  pressure  43*9 

square  inch   I  Low  pressure  12*79 

Mean  revolutions  per  minute 77*8 

Mean  piston  speed  in  feet  per  minute    389 

I.H.P 983 

Area  of  fire  grate  in  square  feet 54'5 

I.H.P.  per  square  foot  of  fire  fiprate    18*02 

Heating  surface  per  I.H.P.  in  square  feet 1  t  f  T  i  Aa 

Coal  used  per  I.H.P.  per  hour  in  pounds  2*54 

Coal  used  per  hour  in  tons 1*11 

Speaking  fairly  within  ordinary  limits  and  in  general  terms,  the  power 
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of  a  steam  boiler  may  be  said  to  be  governed  by  the  amount  of  coal  it  is 
capable  of  burning  in  its  furnace,  and  therefore  the  quantity  of  heat 
generated ;  whilst  economy  may  be  taken  to  depend  on  the  sufficiency  of 
area  of  heating  surface  provided  for  the  absorption  of  the  heat.  Taking, 
then,  boilers  of  any  one  type,  and  burning  the  same  description  of  coal 
under  similar  conditions  of  draught,  &c.,  the  power  of  the  boiler  would  be 
expressed  by  the  area  of  a  fire-bar  surface.  To  illustrate  this  we  will 
suppose  a  boiler  with  100ft.  of  grate  surface,  and,  burning,  say,  201b.  of 
coal  on  each  square  foot  per  hour — to  each  square  foot  of  grate  we  will 
allow  30ft.  of  heating  surface — the  consumption  per  hour  would  be  0'661b. 
of  coal  per  square  foot  of  heating  surface,  and  this  proportion  would  allow 
a  sufficient  amount  of  heating  surface  to  absorb  the  heat  liberated  by  the 
combustion  of  the  amount  of  coal  stated,  with  a  fair  approach  to  economy. 
From  an  economy  point  of  view  alone  the  heating  surface  can  be  hardly 
excessive,  but,  naturally,  there  are  practical  considerations  involved  which 
limit  the  extension  of  a  marine  boiler  to  a  point  short  of  the  highest 
economy  obtainable. 

In  a  well-designed  marine  boiler  the  temperature  of  the  escaping  gases 
should  not  be  above  600^,  whilst  as  low  a  temperature  as  500°  may  be 
reached.  We  will  take  the  latter  figure  for  the  sake  of  comparison,  and 
allow  the  furnace  temperature  to  be  2500°.  Taking  these  temperatures 
and  the  above  rate  of  combustion  and  proportions  of  grate  to  heating 
surface,  we  find  that,  putting  aside  other  details  that  might  arise,  there  has 
been  sufficient  heating  surface  to  absorb  four-fifths  of  the  heat  generated, 
the  remaining  fifth  escaping  up  the  chimney ;  but,  nevertheless,  doing  the 
necessary  work  of  creating  the  draught  if  no  artificial  means  are  used. 
Supposing,  now,  the  stoke-hold  were  closed,  and  a  fan  blower  were  started, 
so  that  the  increased  draught  caused  double  the  amount  of  fuel,  that  is 
401b.,  to  be  burnt  per  square  foot  of  grate  per  hour.  In  that  case  the 
furnace  temperature  would  be  greatly  increased,  and  the  transmission  of 
beat  to  the  water  in  the  boiler  would  be  more  rapid  than  with  the  lower 
temperature  due  to  the  natural  draught,  and  consequently  far  more  steam 
would  be  generated. 

The  rate  of  transmission  of  heat  may  be  taken  to  vary  as  the  square 
root  of  the  difference  in  temperature.  With  the  quicker  draught,  a  larger 
volume  of  heated  gases  would  pass  the  same  area  of  heating  sur£EU3e  in  a 
gfiven  time  (as  we  have  assumed  the  quantity  of  coal  burnt  to  be  doubled, 
yre  should  have  I'lSlb.  per  square  foot  of  heating  surface  per  hour),  and 
therefore  would  not  be  in  contact  with  the  heating  surface  sufficiently  long 
to  be  reduced  to  a  temperature  low  enough  to  produce  a  fair  economy,  that 
is  to  say,  too  much  heat  would  be  going  up  the  chimney.    In  the  Satellite's 
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trials,  when  steaming  with  lin.  to  IJin.  fan-draught,  the  temperature  of 
escaping  gases  was  1 200^.  Assuming  the  chimney  temperature  should  be  as 
high  as  600°  for  natural  draught,  we  find  that  the  amount  of  heat  allowed 
to  escape  up  the  chimney  in  the  former  instance  was  double  that  which  it 
would  be  in  the  latter.  In  oases  where  the  fan  is  used  the  loss  is  more  to 
be  deplored,  as  there  is  no  necessity  for  any  heat  in  the  funnel  to  create  a 
draught ;  and  were  it  possible  within  reasonable  limits  of  size  and  weight 
of  boiler,  it  would  be  desirable,  so  far  as  economy  is  concerned,  to  deliver 
the  products  of  combustion  to  the  funnel  at  a  temperature  no  higher  than 
that  due  to  the  steam  generated. 

In  this  case  we  have  supposed  the  ratio  of  grate  to  heating  sur&ce 
differs  materially  from  that  of  the  Satellite's  boiler.  It  would  not  be 
possible,  from  the  data  now  at  our  disposal,  to  make  any  reliable  calculation 
of  the  loss  in  coal  economy  due  to  the  increased  draught  used  on  the 
various  trials  made  with  the  Satellite;  we  have  the  experience  of  the 
Caroline,  as  given  by  Mr.  Sennett ;  and  Table  B.  has  been  compiled  from 
the  result  of  some  trials  made  with  a  torpedo  boat's  boiler  at  Portsmouth 
to  show  the  loss  in  economy  and  gain  in  power  due  to  forced  draught. 
The  total  heating  surface  was  618  square  feet,  and  the  grate  surface 
18'4  square  feet. 

TABLE  B. 
Trials  of  Tobpedo  Boat*8  Boileb  (Locomotivb  Type). 


Duration  of  experiment '  2h. 

Air  preBB  in  Btoke-hold 2in. 

Bevolntions  of  fan  per  minnte 575 

Temperatnre  of  feed-water  in  degrees  Fahr 53*5 

Temperature  of  funnel  1073 

Coal  consumed  per  hour    '  9251b. 

Coal  oonsumed  per  hour  per  square  foot  of  fire- 

grrate    491b. 

Coal    oonsumed  per  hour    per  square  foot  of 

heating  surface  l'51b. 

Water  evaporated  per  hour  65301b. 

Water  evaporated  per  pound  of  coal  7*061b. 

Evaporation    per    pound    of    coal,    reduced    to 

equivalent  at  212o  from  lOO®  Fahr 7-611b. 

Evaporation  per  hour  per  square  foot  of  grate  . . .  845 
Evaporation  per  hour  per  square  foot  of  heating 

surface     I  lO'Slb. 


2h.  7min.  '  Ih.  39min.    Ih.  27min. 


Sin. 

4in. 

6iii. 

665 

818 

986 

57 

54 

56 

1192 

1260 

1444 

11771b. 

14721b. 

18151b 

621b. 


781b. 


961b. 


l-91b.  2*381b.  2'931b. 

77701b.        93201b.       10,840lb. 
6-61b.      !     6-331b.  5-971b. 


7081b. 
411 

12-9 


6'811b. 
498 

15-5 


6'411b. 
573 

180 


Coal  used,  *'  Nizon*s  "  navigation,  with  9  per  cent,  of  ash. 

Steam  pressure  during  trials,  between  1151b.  and  1171b.  above  atmosphere. 


The  proportion  of  heating  surface  to  grate  surfaee  (83*5  to  1)  is  ample 
for  ordinary  rates  of  combustion,  and  with  such  rates  one  would  anticipate 
a  good  result  in  fuel  economy,  as  the  coal  then  burnt  would  not  be  above 
0*41b.  to  0'61b.  per  square  foot  of  heating  surface  per  hour^  representing  an 
amount  of  heat  generated  which  it  would  be  within  the  power  of  the  total 
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heating  surface  to  absorb,  so  as  to  give  an  economical  result.  If,  however^ 
we  take  the  highest  rate  of  combustion  in  Table  B. — ^viz.,  961b.  per  square 
foot  of  grate — we  find  that  2'861b.  of  coal  was  consumed  per  square  foot  of 
heating  surface,  an  amount  far  in  excess  of  general  engineering  practice, 
and  a  very  poor  economy  would  result.  This  is  borne  out  by  Table  C. 
nearly  4lb.  of  coal  are  required  for  each  H.P.  developed,  even  when  running 
considerably  below  top  speed. 

A  torpedo  boat  is  an  extreme  example  of  the  enormous  power  which 
can  be  obtained  with  light  weight  and  in  small  compass  of  machinery  by 
use  of  fan  draught,  and  also  of  the  price  that  must  be  paid  for  it.  To 
illustrate  this  more  fully.  Table  C  has  been  prepared,  in  which  the  per- 
formance of  a  torpedo  boat  is  contrasted  to  that  of  two  yachts.  The 
machinery  in  one  developed  about  the  same  power  as  that  in  the  torpedo 
boat,  whilst  the  other  is  a  fine-lined  vessel  of  somewhat  the  same  displace- 
ment as  the  torpedo  boat.  The  great  disparity  in  other  details  shows 
the  length  to  which  the  influence  of  forced  draught  may  be  carried.  The 
details  of  the  Orientals  performance  are  taken  from  trials  conducted  by 
Mr.  John  Inglis,  jun.,  whose  high  reputation  is  a  suflRcient  guarantee  for 
their  accuracy.  The  Leila  is  an  American  yacht,  and  was  made  the  subject 
of  a  very  elaborate  series  of  trials  by  the  U.S.  naval  authorities. 


TABLE   C. 


I  First-class 

Torpedo  Boat. 


5. 
6. 

7. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 

16. 

17. 
18. 


Hull. 

Length  over  all 

Length  on  L.W  L     

Maxinmm  breadth    

Displacement    

Co-efficient  of  fineness 

Machinbbt. 
Fore  and  aft  space  occupied 
Description  of  engines 


88-8 

10-6 

82-5  tons 


Dimensions  of  engines 

Fore  and  aft   spaces  occnpied   by 

engines    

Description  of  boiler  

Total  heating  surface 

Totalgrate    

Batio 

Diameter  of  boiler  

Fore  and  aft  space  occupied  by 

Propeller,  number  of  blades,  diameter 

and  pitch    

Total  weight  of  engines,  propeller, 

&c.» 

Total  weight  of  boiler  and  water  . . . 
Total  weight  of  all  machinery    


13ft. 

Compound 

condensing 

12f  and  20|  x  12 

6ft. 

Looomotiye  type 

618ft. 

18-4ft. 

1  to  33-58 


13ft. 

Three4ft.6in.x6ft 

7  tons t 
7  tons t 
14  tons 


Leila,  a  Composite 
Yacht. 


100ft. 

95ft.  3in. 

15ft.  4in. 
37-27 
0-3721 


Compound 

condensing 

9  and  16  X  18 

5ft.  6in. 

Herreshoff  coil 

529ft. 

25-96 

1  to  18-68 


7ft. 
Four4ft.7in.x8ft. 


4  tons  16  owtB.{ 


steam  Yacht 
Oriental. 


143ft. 

120ft.  3|in. 

20ft.  liin. 

266 

0-46 

27  t.  6in. 

Compound 

condensing 

18  and  32  x  24 


Betum  tube 

696ft. 

30ft. 

1  to  23-20 

10ft. 
8ft.  6in. 

7ft.  X  10ft. 

22  tons  16  cwt. 

27  tons  4  cwt. 

50  tons. 


*  Including  torpedo  gear.  f  Estimated  by  constructor. 

X  Calculated  without  chimney. 
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TABLE   C.—ConUnwd, 


I       Torpedo  Bo»t. 

'  Full  speed      Lower 
I      trial,      [power  trial 


Pbbfobmance. 

Mean  boiler  pressnre    

Yaonum 

Mean  number  of  revoIationB 

Mean  piston  speed    

LH.P 

I.H.P.  per  ton  displaoemexit 
Co>efficient  of  performance . . . 
V»x  Dl 


19. 
20. 
21. 


24. 
25. 


27. 

28. 

29. 
30. 
31. 
32. 
33. 
84. 

35. 
36. 
37. 


133-8  I 
23-8  I 
448      I 

886tt.  I 
469 

14*43 
224 


340 


Weight  of  engines,  Sm.,  per  I.H.P. 

in  ponnds  33*43 

Weight  of  boiler  and  water  per 

LH.P.  ponnds   33-43      4600 

Weight  of  all  machinery  per  LH.P. 

in  pounds  |    66-86 

Heating  surface  per  LH.P.  in  sq.ft.  ,      1*31 

Grate  surface  per  LH.P {      0*029 

Coal  burnt  per  hour i 

Coal  burnt  per  LH.P.  per  hour  . . . 

Coal  burnt  per  foot  grrate  per  hoar 

Coal  burnt  per  foot  heating  sur- 
face per  hour    

Air  pressure  in  stoke-hold  i     5iin. 

Speed  in  knots 21*75 

Duration  of  trial  6  knots. 


46*00 


9200 
1*817 
00541 

18321b. 

3*921b. 

72*41b. 

21551b. 
18-75 


Leila,  Composite  Tacht 


Ordinary 
naming. 


129-41b. 

25'83in. 

221  '^  min. 

663ft.  TP^min. 

149-94 

4023 

178 


71*701b. 


3-52 

0173 

3321b.  § 

2011b. 

12- 71b. 

0-681b. 
Nat.  draught 

13-45 
;    15  knots. 


104*5  801b. 

25*92  '28in. 
192  ^  min.  146 

576ft. '^min.  5841^1^ min. 

99*90  330 

2-680  I -250 
'         185 


Trial  at 
lower  power. 


Oriental 


107*52 


5-29 

0*259 

2151b.§ 

1721b. 

8*21b. 


151-7 
184-8 

3381b. 

2*10 
0  091 
6601b. 

21b. 
221b. 


0441b.  0*941b. 

Nat.  draught  Nat.  draught 
11*74  11*4 

87  knots.  — 


§  Coals  used  on  these  trials  very  bad,  containing  15*09  per  cent,  of  incombustible  on  first 
trial,  and  on  second  trial  20*47  per  cent.  On  the  torpedo  boat  trial,  "  Nixon's  "  Navigation  was 
used,  which  contains  about  4  to  5  per  cent,  of  incombustible.  The  actual  consumption  has  been 
reduced  to  an  equivalent  of  5  per  cent,  of  incombustible. 

Supposing,  for  the  sake  of  comparison,  that  the  vessels  quoted  are  the 
best  that  could  be  produced  of  their  respective  classes,  an  examination  of 
the  table  shows  that,  should  it  be  considered  desirable  by  the  owner  of  a 
vessel  similar  to  the  Oriental  to  travel  at  the  rate  of  18|  knots  per  hour 
without  materially  increasing  the  power,  he  would  have  to  reduce  the 
displacement  from  266  tons  to  about  32  tons ;  but  as  the  machinery  in  the 
Oriental  weighs  50  tons,  some  means  would  have  to  be  devised  for  reducing 
this  weight  (given  we  retain  the  same  machinery),  and  the  only  plan  at 
present  known  to  engineers  would  be  by  the  use  of  forced  draught.  The 
adoption  of  this  system  would  lead  to  the  consumption  of  over  double  as 
much  coal  per  unit  of  power  as  that  now  burnt  in  the  yacht ;  so  that, 
roundly  speaking,  the  new  high-speed  vessel  of  small  displacement  would 
consume  as  much  coal  in  covering  a  distance  of  18|  knots  as  would  serve 
for  moving  the  266  tons  of  the  existing  Oriental  22^  knots.  On  the 
sacrifice  in  accommodation  that  would  have  to  be  paid  for  the  higher  speed 
there  is  no  need  to  comment.  Yachtsmen  are  generally  fully  alive  to  the 
importance  of  this  factor  in  the  design  of  their  vessels.  The  question  of 
coal  endurance  is  also  one  of  great  importance  at  these  high  speeds.     Mr. 
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Thornycroft  says  that  one  of  his  first-class  torpedo  boats  ran  from  London 
to  Cherbourg  at  the  rate  of  11  knots  per  hour  and  burnt  2^  tons  of  coal ; 
whereas  the  torpedo  boat  mentioned  in  the  second  column  of  Table  C  would 
consume  that  quantity  of  fuel  in  about  three  hours  after  having  covered 
56J  knots  when  steaming  at  18|  knots  per  hour,  that  is,  supposing  41b.  of 
coal  were  burnt  per  I.H.P.  Mr.  Yarrow  has  stated  that  one  of  his  100ft. 
torpedo  boats  of  40  tons  displacement  will  steam  100  miles  at  the  rate  of 
10  knots  an  hour  with  a  total  consumption  of  1  ton  of  coal.  It  is  unneces- 
sary to  produce  further  evidence  to  prove  that  it  would  be  impossible  on 
our  present  knowledge  of  engineering  to  construct  a  vessel  which  might 
be  fairly  called  a  sea-going  yacht  to  steam  18|  knots  with  engines  of  the 
same  power  as  those  in  the  Oriental.  It  must  not,  however,  be  taken  as 
contained  in  this  proposition  that  no  vessel  of  greater  displacement  than 
fchat  of  the  first-class  torpedo  boat  in  question  could  be  driven  at  the 
given  speed  on  the  same  power.  This  vessel  is  simply  taken  as  the 
exponent  of  the  best  existing  type  of  vessel  for  very  high  speed. 

The  plan  of  taking  the  power  to  be  exerted  by  the  engines  as  the 
fixed  quantity  in  designing  a  vessel  is  not  usual ;  the  general  manner  of 
proceeding  being  for  the  dimensions  of  the  vessel  and  speed  required  to  be 
laid  down,  and  the  machinery  then  made  sufficiently  powerful  for  the 
purpose.  Unfortunately  our  present  knowledge  of  the  behaviour  of  vessels 
of  the  class  of  the  Oriental  at  speeds  so  high  as  18f  knots  is  not  sufficient 
to  enable  us  to  predict  with  any  degree  of  accuracy  what  would  be  the 
power  required  at  that  speed.  Within  recent  years  there  have  been  some 
very  high  speed  vessels  of  larger  size  built  and  tried.  The  Wiborg  and  El 
Destructor  are  a  pair  of  twin-screw  torpedo  cruisers,  constructed  for 
foreign  governments  by  J.  and  G.  Thomson,  of  Clydebank;  whilst  the 
Boxer  is  one  of  the  torpedo  boat  destroyers,  built  for  the  British  Navy  by 
Messrs.  Thornycroft  and  Co.  The  following  particulars  of  these  vessels 
ynU  be  of  interest: 


hBfngth  between  perpendionlarB 

Bieadih 

Depth  at  oentre 

Draught  dne  to  normal  displaoement 
DTaaght  due  to  load  displacement 


Diameter  of  cylinders 

Stroke    

Number  of  boilers    

Preasure  of  steam    

Grate  snrfaoe  in  square  feet   

Normal  ooal  

Badins  of  action  dne  to  ditto  at  10  knot  speed. . 


H.M.S.  "Boxer." 


200ft. 

19ft.  to  6in. 

18ft. 

7ft. 

I  19in.,    27in., 

>   &2of27]n. 

IBin. 

3 

2101b. 

180  sq.  ft. 

70  tons. 

2500  knots. 


*  Wlbonf,' 


"ElDeBtructor/* 


142ft.  6in. 

17ft. 

Oft.  6in. 

4ft.  7in. 

5ft.  2in. 

14in.  A  24in. 

15in. 

2 
1301b, 

56 

14  tons. 

1400  knots. 


192ft.  6in. 

25ft. 

13ft. 

6ft.  Sin. 

7ft. 

C  ISiin.,  27in., 

{     A42in. 

21in. 

4 

1451b. 

144 

37  tons. 

2050  knots. 
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With  the  two  foreign  vessels  five   trials  were  made,  of   which  the 
following  are  given  by  the  builders  as  the  results : 


*  Wiborg."  '•  El  Destroetor/' 


iBt  trial. 

Load  on  trial 41 

Displaoement  at  trial    138 

Mean  speed  for  3  hours    19*96 

Eevolutions    381 

I.H.P 1303 


2nd  trial. 

8rd  trial. 

l8t  trial 

3nd  trill 

37 

70 

88 

88 

131 

167 

385 

385 

20-6 

18-55 

22-56 

22-68 

3801 

362 

292 

292-3 

1405 

— 

3784 

3829 

Running  at  the  easy  speed  of  11*6  knots,  the  mean  I.H.P.  being  297, 
the  El  Destructor  burnt  l'951b.  of  coal  per  I.H.P.  per  hour.  At  full 
speed,  with  an  air  pressure  of  2iin.  of  water,  there  was  burnt  2*41b.  of  coal 
per  I.H.P.  per  hour.  The  displacement  loaded  of  the  Boxer  was  250  tons, 
and  the  speed  on  the  official  trial  was  29*175  knots  maintained  for  three 
hours,  the  I.H.P.  being  4,800. 

It  is  not  intended,  of  course,  to  put  these  vessels  forward  as 
examples  of  what  could  be  done  in  steam  yachting.  Young  gentle- 
men of  ample  means  sometimes  express  a  wish  to  build  a  steam 
yacht  to  beat  everything  that  has  gone  before.  A  few  hours'  running 
at  full  speed  in  such  a  craft  as  El  Destructor  would  be  likely  to  assuage 
such  vain  desires.  The  speed  in  this  vessel  was  only  obtained  by 
sacrificing  nearly  every  feature  of  constructive  solidity.  At  the  time  she 
was  delivered  to  her  purchasers  fears  were  expressed  that  the  very  light 
scantling  might  turn  out  too  light  for  actual  use,  and  we  never  heard  any- 
thing to  dissapate  these  fears.  Certain  it  is  the  vibration  when  running  at 
speed  might  be  described  by  a  much  stronger  word  than  unpleasant.  It 
should  be  added,  however,  that  the  Destructor  ran  from  Falmouth  to 
Muros,  in  Spain,  a  distance  of  495  knots,  in  24  hours.  In  regard  to  the 
Boxer,  which  is  of  course  a  much  later  vessel,  improvements  in  the 
balancing  of  engines  and  other  matters  have  so  reduced  the  amount  of 
vibration  in  high  speed  craft,  that  there  is  much  more  comfort  on  board. 
Still,  there  is  the  very  large  space  occupied  by  machinery,  and  other  points 
to  be  taken  into  consideration,  and  these  render  such  vessels  quite  unfit  for 
pleasure  purposes. 

Some  of  the  first-class  torpedo  boats  approach  sea-going  yachts  in 
size,  although  they  differ  from  the  latter  in  general  characteristics. 
The  Ariete,  built  by  Thomycroft  and  Co.,  is  a  twin-screw  vessel  of 
this  class.  She  is  147ft.  6in.  long  and  14ft.  6in.  wide.  Her  load  draught, 
however,  is  only  5ft.,  a  light  draught  being  aimed  at  in  the  design. 
A   novel   point  is  that   the   boat   has  two   rudders;    in  fact,    the    whole 
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design  at  the  after-part  is  peculiar.  The  engines  are  of  the  ordinary 
two-cylinder  compound  surface-condensing  type,  the  cylinders  being  14iin. 
and  24^in.  diameter  by  15in.  stroke.  Steam  is  generated  by  two  Thorny- 
croft  pipe  boilers,  before  described.  On  a  six-run  trial  in  the  Lower  Hope 
this  vessel  steamed  at  the  rate  of  just  over  26  knots  per  hour.  The  steam 
pressure  was  1511b.  to  1531b.,  the  air  pressure  for  forced  draught  from 
3iin.  to  3|in.,  and  the  revolutions  from  388  to  398  per  minute.  On  a 
two  hours^  run  the  speed  was  just  under  25  knots  per  hour.  The 
collective  horse  power  of  the  two  pairs  of  engines  at  full  speed  is  said  to  be 
1550  indicated. 

The  torpedo  boat,  with  locomotive  type  of  boiler,  is  hardly  designed 
to  run  with  natural  draught,  and  therefore  does  not  aflford  a  good 
opportunity  for  ascertaining  the  actual  gain  in  speed  by  applying  forced 
draught  on  any  one  vessel.  We  have,  however,  records  of  three  trials 
made  at  Portsmouth  with  two  small  vessels  having  water-tube  boilers, 
which  were  run  both  with  forced  and  natural  draught.  These  boats 
in  many  respects  are  not  unlike  the  big,  so-called  steam  launches  one 
sees  in  the  yachting  season;  and,  as  a  high  result  in  speed  was 
obtained  with  them,  and,  moreover,  as  the  record  comes  on  trustworthy 
authority,  somewhat  full  particulars  of  the  boats  and  machinery  are 
now  given  : 

Hall — wood,  two  skinB,  fin.  and  iin.,  one  diagonal  one  fore  and  aft ;  Michigan  pine,  white 
oak,  timbers,  If  in.  square,  spaced  12in.,  decked  throughout  with  mahogany,  moTable  steel 
hatches ;  open  well  aft,  to  hold  twelve  people,  with  Water-tight  floor,  fitted  with  self • 
emptying  valyes  at  sides ;  cabin  abaft  engine  space ;  bunker  capacity,  2  tons. 

Length  on  deck,  48ft. ;  on  L.V7.L.  46ft. 

Breadth  on  deck,  9ft. ;  on  L.V7.L.  7*5ft. 

Depth,  exclusive  of  keel,  5ft. 

Displacement  on  trial  draught,  7'44  tons. 

Co-effident  of  fineness,  0-896. 

Wetted  surface,  355' 5  square  feet. 

Engines,  inverted,  compound  surface-condensing,  with  air  and  feed  pumps,  worked  by  side 
levers;  cylinders,  Sin.  and  14in.  diameter,  by  9in.  stroke;  blowing  engine,  single 
cylinder,  2|in.  diameter,  by  5in.  stroke,  working  centrifugal  fan  direct ;  diameter  of  fan, 
42in. ;  propeUer,  four  blades,  3ft.  diitmeter  by  4ft.  lin.  pitch. 


lof  draught  in  inches  of  j  g.g^  ^^^^  ^^^^  ^^  occasionally...     Nil. 


Trial  A.                                     Trial  B.  Trial  C. 

Duration  of  trial 6  knots BoundLofW 10  hours. 

Foroe  < 
water 

Mean  boiler  pressure 1451b 931b •53-35. 

Meanvaouum 20'29in 24in 22in. 

Mean  revolutions   453permin.    383  per  min 278  per  min. 

IJ£.P No  cards   ...     7662    36*7. 

Speed    15124  knots     10*97  knots 8-635  knots. 

Force  of  wind 1 4  to  5. 

Sea    Smooth Itough. 

•  Engines  Unkad  up. 
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Some  trials  at  full  speed  over  longer  distances  were  made  with  two 
sister  vessels  to  the  above,  the  best  result  bring  as  follows : 


Steam  pressure 

Berolntions    

BevolntionB  of  fan  engine 

Air  pressnre  

Speed  


First  nm  over 
base. 


1321b. 
478  per  min. 
667  per  min. 

2in. 
14-63  knots. 


Seeondnm 
oyer  base. 


1301b. 
471  per  min. 
667  per  min. 

2in. 
14-42  knots. 


Third  nm  over 


1301b. 
454  per  min. 
788  per  min. 

2'8in. 
13-91  knots. 


Fourth  nm 
over  base. 


1261b. 
460  per  min. 
760  per  min. 

2'6in. 
14-08  knots. 


Mean  of  four 
nina. 


1291b. 
466  per  min. 
722  per  min. 

2-85in. 
14-26  knots. 


Vaonnm  averaged  about  20in.,  and  temperature  of  stoke-hold  10°  above  that  of  open  air. 
(Duration  of  trial,  three  hours  consecutively.) 

A  second  three  hours*  run  was  made  a  few  days  later,  the  speed  being 
14*08  knots.  No  indicator  diagrams  were  taken,  but  the  power  required  to 
drive  the  vessel  at  the  mean  speed  of  14*17  knots  had  been  calculated  from 
data  obtained  on  a  number  of  runs  made  at  progressive  speeds  up  to 
12  knots  per  hour,  and  the  result  shows  that  169*47  I.H.P.  was  exerted 
when  steaming  at  the  mean  trial  speed  of  14*17  knots. 

The  weights  of  machinery  in  these  boats  are  worthy  of  notice. 

Weight  of  engine,  with  pumps,  line  shafting,  stem  bearing  condenser  (outside      lb. 

pipe),  propeller,  fan,  and  engine,  Ac 2330 

Weight  of  boiler  complete,  with  chimney,  fire-bars,  Ac.,  and  water  contained 


Total  weight  of  machinery    6222 

or  2*77  tons. 

There  was  also  a  water  tank,  containing  7201b.  of  water,  and,  including 
this  under  the  heading  of  machinery,  the  total  would  be  brought  up  to 
70201b.  That  is  41*421b.  weight  of  total  machinery  per  I.H.P.  when 
exerting  169*47  I.H.P.,  and  steaming  14*17  knots  per  hour. 

From  the  particulars  here  collected  the  yachtsman  will  see  that  in 
forced  draught  he  has  a  powerful  means  provided  for  gaining  speed  in  his 
craft ;  but  the  penalties  that  have  to  be  paid  for  that  speed  will  also 
be  duly  noted  by  the  careful  owner.  But  in  cases  where  there  is  a 
difficulty  in  getting  steam  enough  for  ordinary  running,  either  through  bad 
ventilation  of  stoke-hold,  insufficient  height  of  chimney,  too  small  a 
proportion  of  g^te  surface,  or  causes  of  this  nature,  a  fan  would  be  a 
valuable  addition  to  the  vessel.  For  short  spurts,  where  quantity  of  coal 
burnt  is  a  small  consideration,  an  additional  amount  of  steam  can  always 
be  obtained  with  a  fan;  but  it  will  of  course  have  to  be  previotisly 
considered  whether  the  boiler  will  bear  the  higher  pressure  due  to  the 
more  rapid  evaporation,  and  the  stresses  incidental  to  higher  fumaoe 
temperature. 

In  designing  new  machinery  a  considerable  increase  of  power  for  a 
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given  weight  of  boiler  may  be  obtained  by  forced  draughty  but  it  will  be 
at  the  expense  of  the  fuel  economy  and  durability  of  the  boiler.  If  it  be 
determined  to  maintain  the  standard  of  economy^  there  may  still  be  a  gain. 
It  will  be  due  principally,  first,  to  smaller  quantity  of  fire  bars ;  secondly, 
to  the  great  effectiveness  of  the  heating  surface  near  the  furnace,  caused 
by  the  higher  temperatare  of  the  gases  ;  and,  thirdly,  to  the  more  effective 
mixing  of  the  gases  above  the  furnace,  which  is  a  property  of  forced  draught. 

Excepting  in  the  first  instance,  no  definite  value  can  be  assigned  to 
these  different  points,  it  remaining  for  experiment  to  give  more  data  from 
which  to  draw  conclusions. 

There  is  one  error  in  boiler  construction  that  forced  draught  is  likely 
to  encourage,  and  which  the  tendency  to  higher  pressures  generally  accom- 
panying it  may  perhaps  help  to  exaggerate.  Where  there  is  a  possible 
reduction  in  the  grate  area,  it  will  be  very  tempting  for  designers  of 
boilers  to  make  that  reduction  by  putting  in  furnaces  of  smaller  diameter ; 
but  it  must  be  remembered  that  it  is  a  very  necessary  condition  of  boiler 
economy  that  sufficient  space  should  be  provided  for  the  mixing  of  the  gases 
with  the  oxygen  in  the  air  before  they  are  cooled  below  the  temperature  of 
combustion.  Mr.  James  Howden,  a  Glasgow  engineer,  has  introduced  a 
system  of  forced  draught,  with  closed-ash  pit,  in  which  the  air  is  heated 
before  being  forced  into  the  furnace.  It  has  been  applied  to  large  vessels 
with  considerable  success. 

We  have  already  made  reference  to  a  method  invented  by  the  late 
Mr.  P.  W.  Willans  of  applying  forced  draught  in  small  vessels  without 
closing  the  stoke-hold.    Oar  illustration  (Fig.  125)  shows  this  arrangement. 

A  casing  or  chamber,  a  few  inches  deep,  is  fixed  to  the  boiler  front 
over  both  the  usual  fire-door  and  the  opening  into  the  ash-pit.  The 
bottom  of  the  casing  is  below  the  level  of  the  stoke-hold  floor,  and  is  joined 
to  a  shoot  which  brings  air  from  a  fan.  The  front  of  the  casing  consists  of 
a  large  dpor,  which  can  be  turned  back  or  unshipped.  When  this  is  in 
place,  the  only  exit  for  the  air,  after  it  enters  the  chamber,  is  through  the 
ash-pit,  the  firebars,  and  the  funnel.  The  upper  part  of  the  casing  is,  of 
course,  filled  with  air  under  pressure,  and  at  a  pressure  slightly  greater 
than  that  inside  the  furnace.  Hence  the  leak  past  the  fire-door  is  always 
in  the  right  direction — ^inwards.  The  stoker  cannot  get  at  his  fire-door  for 
stoking  without  first  removing  the  outer  door,  and  the  moment  this  is 
removed  the  boiler  is  working  by  natural  draught,  for  the  air  from  the 
shoot  is  as  free  to  pass  into  the  stoke-hold  as  into  the  ash-pit,  and  the 
pressure  in  the  casing  is  destroyed  without  stopping  the  fan  or  taking  any 
other  precaution.  The  outer  door  A,  which  turns  upon  a  spindle  B, 
and  lies  upon  the  floor  of  the  stoke-hold  when  opened,  has  a  prolongation. 
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C,  which  is  raised  against  the  top  of  the  air  shoot  while  A  is  shut,  but 
descends  and  closes  the  air  shoot  as  A  is  opened.  The  spindle  B  carries  a 
crank  or  lever,  connected  by  a  slotted  link  with  another  lever  on  the 
spindle  D,  which  carries  the  fire  door  P  in  such  a  manner  that  F  does  not 


commence  to  open  until  C  has  closed  the  air  shoot — though  with  an  easy 
fit — and  has  practically  shut  off  the  blast. 

This  arrangement  was  first  applied  by  Messrs.  Willans  and  Robinson 
to  a  small  vessel  built  for  Capt.   Basil  Fisher,  and  was  found  to  work 
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very  successfully.     Since  then  other  applications  of  the  plan  have  been 
made. 

It  should  be  mentioned  that  frequently  the  back  of  the  boiler  is  next 
the  engine  and  often  bulkheaded  off.  In  such  a  case  there  is  a  separate 
stoke-hold,  and  the  advantage  of  this  arrangement  is  that  the  engine-room 
is  kept  free  from  coal  dust  and  is  comparatively  cool. 

The  objection  to  the  plan  is  that  the  stoke-hold  is  usually  too  small, 
and  consequently  ill  ventilated.  The  draught  in  such  a  case  is  less  than  it 
would  be  if  the  boiler  furnaces  opened  into  the  larger  space  represented  by 
the  engine  room. 

Within  the  last  few  years  the  monopoly  of  steam  as  a  source  of  power 

for  driving  engines  on  board  yachts  and  other  vessels  has  been  attacked 

by  a  new  description  of  motor,  namely,  the  oil  engine.    We  have  become  so 

accustomed   to   the   marvels   wrought   by   the   steam   engine   during   the 

century   now  drawing  to   a   close,   that  we   are   very  apt  to  forget  how 

imperfect  a  vehicle  water  is  for  transforming  the  potential  energy  of  coal 

or  other  fuel  into  useful  work.     The  losses  incidental  to  the  generation  of 

steam  and  its  use  in  an  engine  have  been  referred  to  already,  and  it  is  not 

necessary  to  repeat  them.     Still,  the  steam  engine  remains  the  only  motor 

used  for  marine  propulsion  on  a  large  scale.     The  oil  engine  or  gas  engine 

— for  the  oil  engine  is  but  a  gas  engine  that  generates  its  own  gas — ^has 

not  many  of  the  sources  of  loss  which  are  present  with  the  steam  engine 

and  boiler.     For  instance,  the  great  amount  of  heat  which  escapes  by  the 

boiler  chimney  represents  a  loss  which  is  not  present  in  the  gas  engine. 

Again,  there  is  no  liquefaction  of  steam  in  the  gas  engine  cylinder,  and  the 

latent  heat  of  evaporation  is  not  an  element  of  waste  with  the  latter  type 

of  motor.     In  addition  to  this,  the  temperature  of  the  explosive  mixture 

when  ignited  is  immensely  greater  than  that  of  steam  when  entering  the 

cylinder,  even  at  highest  pressures,  and  it  is  the  limited  range  of  temperature 

possible  in  an  engine  which  is  one  of  the  great  reasons  of  the  inefficiency  of 

steam.     To  set  against  these  drawbacks,  there  is  one  great  source  of  loss 

in  the  oil  engine  which  is  not  present  with  steam.     The  temperature  of  the 

gases  when  exploded  is  necessarily  raised  to  so  high  a  degree  that  it  is, 

practically  speaking,  impossible  to  work  the  marine  oil  engine  unless  the 

<.'y Under  is  cooled,  and  for  this  purpose  a  jacket  is  provided  through  which 

water  circulates.     The  most  economical  method  at  present  known  of  using 

gas  in  an  engine  is  by  the  well-known  Otto  cycle.     It  gives  one  impulse  to 

everj  four  strokes  of  a  single  acting  cylinder.     Starting  with  the  engine 

at   rest,  the  first  outward  stroke  would  be  utilised  for  drawing  into  the 

cylinder  gas  and  air.    To  produce  explosion  it  is  necessary  that  the  mixture 

should  be  compressed,  and  this  is  effected  by  the  back  stroke.     Explosion 
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takes  place  at  the  commencement  of  the  next  (ontward)  stroke.  The  next 
(inward)  stroke — called  the  scavenger  stroke — clears  the  cylinder  of  the 
products  of  explosion,  or  so  much  of  them  as  may  be  necessary.  These 
four  strokes,  or  two  revolutions,  complete  the  Otto  cycle.  Of  course,  for 
three-quarters  of  the  time  the  work  to  be  done,  including  the  turning  of  the 
engine  itself,  has  to  be  carried  on  by  the  energy  stored  up  in  the  fly  wheel,  and 
that  accounts  for  the  enormously  heavy  fly  wheels  with  which  gas  engines 
and  oil  engines  are  fitted.  It  will  thus  be  seen  that,  although  steam  is  a 
wasteful  servant,  it  has  advantages,  or  rather  it  has  not  the  disadvantages 
of  other  methods  of  the  conversion  of  heat  into  work  ;  and,  though  it  is  a 
most  fascinating  idea  to  generate  the  heat,  as  it  is  required,  inside  the 
cylinder  which  uses  it,  the  process  is  attended  by  difficulties  and  drawbacks. 
In  spite  of  these,  however,  a  number  of  small  vessels  have  been 
fitted  with  oil  engines  of  different  types.  Some  work  with  the  ordinar}- 
paraffin  or  petroleum  oils,  which  can  be  bought  at  any  oil  shop ;  others 
require  a  special  oil  or  spirit  of  the  benzine  class.  The  former  have  an 
immense  advantage  in  practical  use,  as  there  *are  restrictions  on  the 
transportation  of  light  and  highly  volatile  oils,  which  make  it  often  difficult 
to  get  them  in  quantity  if  away  from  a  central  source  of  supply.  On  the 
other  hand,  there  is  less  of  the  objectionable  stench — ^which,  so  far  as  the 
writer^s  experience  goes,  accompanies  all  oil  engines — ^with  those  who  use 
the  rectified  spirit.  It  is,  of  course,  a  great  benefit  in  small  boats  to  get 
rid  of  the  heavy  boiler,  with  its  attendant  coal  dust;  and  it  is  also  a 
nuisance  to  have  to  wait  a  considerable  time  while  steam  is  raised.  The 
latter  disadvantage  is  largely  reduced  if  a  water  tube  boiler  is  used  with 
oil  fuel  and  the  ordinary  form  of  steam  cylinder.  Steam  engines  are  more 
easily  reversed  and  restarted,  and  generally  there  is  less  rattle  and 
vibration  than  with  oil  cylinder  engines.  Whether  for  small  powers 
the  oil  engine  or  the  steam  engine  is  preferable  depends  largely  on  the 
predilection  of  the  owner.  There  is  this,  however,  to  be  said  in  favour  of 
the  former,  that  it  is  comparatively  a  new  departure,  and  the  possibilities 
of  improvement  are,  doubtless,  great ;  whilst  the  limitations  of  the  steam 
engine  are  pretty  well  known  whether  coal  or  oil  be  used  as  the  fuel. 
The  purchaser  of  an  oil  cylinder  engine  may  therefore  console  himself 
for  any  unpleasant  features  attendant  on  the  use  of  these  motors  by  the 
thought  that  he  is  assisting  towards  the  development  of  an  invention 
that  may  some  day  prove  a  considerable  step  in  the  advancement  of 
engineering  practice ;  but,  as  far  as  present  experience  goes  in  yacht 
practice,  the  "  oil  fuel  "  and  steam  generator  are  in  more  favour  than  the^ 
vaporising  of  oil  in  the  cylinders  as  a  motor. 


CHAPTER  XII. 
PROPULSION   BY   STEAM. 


In  the  preceding  chapter  the  boiler  and  engine  have  been  dealt  with, 
and  now  remain  to  be  shown  the  methods  of  utilising  steam  machinery  as  a 
means  of  propulsion.  In  the  early  days  of  steam  yachting  paddle  wheels 
were  used  as  propellers,  but  they  are  now  entirely  superseded  by  the  screw, 
and  there  is  so  little  prospect  of  the  paddle  wheel  ever  coming  into  use 
again  for  yachts  that  we  shall  confine  our  remarks  entirely  to  the  screw 
propeller. 

The  action  of  the  screw  propeller  is  pretty  much  the  same  as  that 
of  a  screw  when  turned  into  a  piece  of  wood,  or  into  a  nut;  for 
each  revolution  of  the  screw  it  advances  a  distance  into  the  wood  equal 
to  the  distance  in  a  line  parallel  to  the  axle  D  B,  Fig.  126,  made  by  one 

A B 


Fig.  126. 

complete  convolution  of  the  thread.  This  is  termed  the  pitch,  and  it  will 
be  better  understood  by  reference  to  Fig.  126,  which  is  an  exact  repre- 
sentation of  Sir  Francis  Pettit  Smith's  first  screw  propeller.  In  this  screw 
the  distance  from  A  to  B  represents  the  pitch,  and  it  is  clear  that  one 
revolution  of  the  screw  would  advance  it  exactly  the  distance  A  to  B,  if  it 
were  turned  in  a  non-yielding  medium. 

Pitch  is  termed  coarse  or  fine  according  as  the  distance  A  B  is 
relatively  great  or  small.  The  closer  the  threads  of  an  ordinary  carpenter's 
screw  are  together  the  smaller  will  be  its  advance  into  the  wood  for 
each  revolution,  and  similarly  for  the  screw  propeller  in  water.  Fig.  126 
represents  a  one-threaded   screw,  but   a   screw  may  have   two   or  more 
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threads.  If  a  string  be  wound  round  a  cylinder  it  would  form  one  thread; 
if  another  string  were  wound  round  between  the  convolutions  of  the  other 
this  would  be  two  threads,  and  if  another  were  wound  round  in  between 
the  other  two  there  would  be  three  threads  on  the  cylinder,  and  so  on. 

This  description  answers  if,  instead  of  strings,  flat  ribbands  set  edge- 
ways, as  shown  in  Fig.  126,  were  wound  round  the  cylinder  or  shaft  D  E. 
If  now  we  cut  away  a  portion  of  one  of  the  threads,  and  leave  only  a  small 
piece  equal,  say,  to  a  quarter  turn  round  the  cylinder^  that  would  be  termed 
a  blade ;  if  we  similarly  cut  away  another  thread  that  would  be  two  blades, 


and  so  on.  Therefore  the  number  of  blades  a  propeller  has  indicates  the 
number  of  threads  there  would  be  round  the  cylinder  if  the  blades  made 
complete  convolutions.     Pig.  127  represents  a  four-bladed  screw. 

The  diameter  of  a  screw  is  the  distance  from  tip  to  tip  of  the  blades, 
or  the  diameter  of  the  circle  they  describe  when  revolving.  The  area  of 
this  circle  is  termed  the  area  of  the  screw's  disc.  The  area  of  the  blades  is 
the  area  of  the  actual  propelling  surface  of  the  blades. 

The  length  of  the  screw  is  the  distance  occupied  by  the  blades  on 
the  shaft  D  E,  Fig.  126. 
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To  measure  the  pitch  of  a  propeller  from  the  propeller  itself  is  not 
a  difficult  operation.  The  propeller  is  put  on  the  floor,  B,  with  its  driving 
face  downwards.  The  floor  must  be  perfectly  flat  and  level.  Let  A, 
Fig.  128,  represent  a  portion  of  the  blade  of  a  propeller  cat  off  to 
show  the  section,  say,  at  1ft.  6in.  from  the  centre  line  of  the  hub  or  shaft, 
making  the  full  diameter  at  that  section  3ft.  Take  a  piece  of  board,  D, 
and  shape  it  to  fit  the  angle  of  the  blade  at  the  diameter  named,  3ft.  or 
1ft.  6in.  from  the  centre  line  of  the  shaft.  A  portion  of  the  board  may 
go  beyond  the  under  edge  of  the  blade,  as  shown  at  a,  but  whether 
it  does  or  not  will  make  no  difference  to  the  angle.  Having  obtained 
the  correct  angle,  take  the  board  and  place  it  flat  on  the  mould  loft  floor. 
With  a  chalk  line  or  straight  edge  produce  the  line  a  d  h,  equal  to 
i 

i 


jlJhrtion^  (^  screw  ilade-. 
B  Slat  Floor 
D.JnffUd^Jioard 


.6 


-B  Fig.  128. 

the  circumference  of  the  circle  due  to  the  full  diameter  of  the  propeller  at 
the  point  where  the  angle  was  measured.  In  this  case  the  full  diameter 
was  3ft.,  the  circumference  will  therefore  be  3ft.  x  3*  141 6  =  9'43ft.  = 
the  distance  a  h.  Similarly  produce  the  line  a  e  c  indefinitely  long; 
then  on  a  h  erect  the  perpendicular  b  c ;  and  b  c  will  be  the  pitch  of 
the  propeller  =  4'8ft.  Instead  of  plotting  out  the  circumference  the 
angle  a  e  i  oi  the  board  can  be  measured  thus :  Accurately  measure 
the  base,  a  t,  and  the  perpendicular,  i  e;  divide  i  e  by  a  e,  and  the 
quotient  will  be  the  tangent  of  the  required  angle,  i-^  =  d  at  a.*      In  this 

case  we  have  ai  =  2-8ft.  and  ie=  l-4252ft.,  then  ^-^|^  =  0*509,  which  is 
the  tangent  of  an  angle  of  27°,  as  can  be  found  from  a  table  of  tangents.t 

**  0  U  the  Greek  letter  theta,  used  to  denote  an  angle. 

-f  Law's  Mathematical  Tables.     Weale's  Series.     Crosby  Lockwood  &  Co.    Price  2«.  6<f. 
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The  pitch  will  be  the  circumference  multiplied  by  the  tangent  of  the  angle 
at  a;  =  3ft.  diameter  x  3-1416  x  509  =  4-8ft.  To  facilitate  the  fore- 
going  calculation,  the  annexed  table  has  been  computed  from  the  formula 
=  diameter  x  3' 1416  x  tangent,  the  diameter  being  taken  as  1ft.  If^ 
therefore,  the  angle  of  the  blade  be  found  at  any  diameter,  and  that 
diameter  be  multiplied  by  the  number  found  in  the  table  corresponding 
to  the  angle,  the  required  pitch  will  be  the  result.  For  instance,  if  the 
angle  be  27°  (as  just  referred  to),  and  the  diameter  8ft.,  take  from  the 
table  opposite  27°  the  numbers  1-601,  and  1-601  x  3ft.  =  4-8ft.  =  the  pitch. 
(It  will  be  noted  that  the  table  has  been  calculated  for  i,  i,  and  f  degrees, 
as  shown  by  15',  30',  45'.) 

A  rough-and-ready  way  of  measuring  an  angle  is  with  an  ordinary 
carpenter's  rule  with  1ft.  arms.  Take  the  rule,  and  place  it  at  the  diameter 
of  the  blade  of  which  the  angle  is  required,  as  shown  in  Fig.  129.     (It 


Fio.  129. 
does  not  matter  whether  the  joint  of  the  rule  extends  beyond  the  edge  of 
the  blade  or  not,  the  angle  will  be  correctly  taken  by  the  rule  all  the 
same.)  Measure  the  opening  of  the  rule  at  the  extreme  points  of  the 
legs  on  the  inside  at  o  n.  The  angle  can  be  found  from  the  following 
table : — 

ANGLES  FOUND  BY  OPENING  A  2ft.  JOINTED  BULE. 
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The  pitch  of  each  blade  of  the  propeller  should  be  found  at  several 

diameters^  including  the  diameter  at  the  tip  of   the   blade.     The  mean 

pitch  of  all  the  blades  will  be  the  pitch  of  the  propeller  as  used  in  the 
calculations  of  speed.  In  propellers  of  3ft.  to  6ft.  diameter  the  pitch  should 
be  found  at  3  diameters;  8ft.^  4  diameters ;  and  so  on. 

If  the  propeller  is  fitted  to  the  vessel  on  the  shaft,  the  angle  of  the 
blade  can  be  found  in  the  manner  described,  by  fixing  a  straight  edge  at 
right  angles  to  the  shaft  to  represent  B  (Fig.  128). 

TABLE   FOB  FINDING  PITCH  OF   A   SCREW  PROPELLER. 

1     -055     -068     081     -096 

2     -110     122     135     150 

8     -164     -177     -190     -205 

4     -220     -234     -248     262 

5     -276     -290     -302     -316 

«     -330     -344     -358     372 

7     -386     -400     -414     430 

8     -440     -454     -468      '482 

9     -498     -512     -526     -540 

10     -554     -568     -582     '596 

11     -611     -625     -640     -654 

12     -668     -682     696     710 

13     -726     -740      -755     "770 

14     -783     -798     -813  827 

15     -842     -856     '871     886 

16     -901     -916     -981     -946 

17     -961     -976     -991     1006 

18     1-021     1-036     1-051     1*066 

19     1082     1-097     1113     1128 

20     1143     1169     1-175     1190 

21     1-206     1-222     1-238     1253 

22     1-269     1-285     1301     1317 

23     1-334     1-350     1366     1-382 

24     1-399     1-415     1432     1*448 

25     1-465     1-482     1498     1515 

^6     1-532     1-549     1-566     1584 

27     1.601     1-618     1-635     1653 

28     1-670     1-688     1*706     1*724 

29     1-741     1-760     1*777     1*796 

30     1-814     1-832     1-851     1*870 

31     1*888     1-905     1-923     1*944 

32     1*963     1*981     2000     2019 

33     2-038     2057     2077     2098 

34     2-120     2140     2161     2181 

35     2-200     2-220     2241     -2-261 

56     2-282     2-302     2*324     2345 

37     2-367     2-388     2410     2432 

38     2-456     2-476     2*498     2*521 

39     2*544     2*565     2-588     2613 

40     2-637     2*660     2684     2-707 

41     2-731     2-755     2778     2803 

42     2-828     2-852     2877     2*903 

48     2-930     2-955     2*981     3-008 
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Table  fob 
Aoffte  of  blade. 

44     

Finding  Fstob 
3034    

[   OF  A   £ 
W 
3-060 
8-169 
3-281 
3-894 
3-515 
8-644 
8-776 
3-911 
4-055 
4-207 
4-364 
4-527 
4-698 
4-883 
5075 
5-280 
5-496 
5-725 
5-971 
6-233 
6-510 
6-817 
7-137 
7-492 
7-876 
8-285 
8-746 

SO'                             4^ 

8087     3115 

45     

3-142     

8-197     .... 

3-225 

46 

3-253 

3-310     .... 

3-338 

47     

3-365      

3-424     .... 

3-452 

48     

3-487      

3-546     .... 

3-578 

49     

8-614         

8-677     .... 

8-710 

50     

3-744     

3-810     .... 

3-844 

51     

3-878     

4020     

3-946     .... 

....     3-982 

52     

4-093     .... 

4-130 

53     

4-169     

4-245     .... 

....     4-285 

54 

4-324     

4-404     .... 

4-446 

55     

4-487     

4-568     .... 

....     4-610 

56     

4-655     

4-743     .... 

4-790 

57     

4-837     

4-930     .... 

....     4-980 

58     

5-027        

5-125     .... 

....     5-178 

59     

5.228     

5-333     .... 

....     5-388 

60 

5*441 

5-552     .... 

....     5-610 

61     

5-667 

5-786     .... 

....     5-848 

62     

5-908     

6-085     .... 

....     6-100 

63     

6-166     

6-301     .... 

....     6-370 

64     

6-440     

6-583     .... 

....     6-660 

65     

6-737      

6-896      ... 

....     6-976 

66     

7057     

7-222     .... 

....     7-312 

67     

7-401 

7-586     

....     7-680 

68     

7-776 

7-980     .... 

....     8-080 

69     

8183     

8395     .... 

....     8-514 

70     

8-631     

8-860     .... 

....     8-990 

To  measure  the  area  of  the  surface  of  the  blades,  proceed  thus : 
Divide  the  blades  into  an  equal  number  of  intervals  as  shown  in  Pig.  130. 
The  lines,  or  ordinates,  are  drawn  parallel  to  the  hub  or  centre  line  of 
shaft  C,  and  perpendicular  to  a  straight  edge,  A  B,  placed  at  right  angles  to^ 
the  centre  line  of  the  shaft  C.  The  breadths  of  the  blade  at  the  several 
points  1,  2,  3,  4,  5,  6,  7,  are  then  measured,  and  the  area  determined  by 
C 


«    i        i        :       •        :       :       I 

1     /           2           3          i           5          6         7 
A  1 


Fig.  130. 
"  Simpson  rule,^'  as  described  further  on.     In  this  case  (Fig.  130),  if  the 
ordinates  were  of  the  lengths  given  and  the  interval  between  the  ordinate^ 
•6ft.,  the  area  of  the  sur&ce  of  the  blade  would  be  5*137  sq.  ft. 
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The  speed  of  the  screw  is  the  theoretical  distance  it  advances  in  a 
line  with  its  shaft  (D  B,  Fig.  126)  for  a  given  number  of  tarns  in  a 
given  time.  Say  the  pitch  is  7ft.,  and  the  number  of  revolutions  200  per 
minutCj  then  200  x  7  =  1400ft. ;  that  is,  the  screw  would  have  advanced 
1400ft.  in  one  minute.  This  would  be  reduced  to  knots  per  hour  as  follows, 
taking  the  Admiralty  standard  knot  of  6080ft. : 

o        Ji     £  200  X  7  _  /jA        200  X  7        •  o  o  i 

Speed  of  screw  =  -jq^q    x  60  =  ^^^.^^   =  13-8  knots. 

A  rule  in  common  use  for  making  hasty  calculations  is 

Pitch  X  rerolntioiiB 


Speed  of  screw  in  knots  = 


100 


Thus  for  7ft.  pitch,  and  200  revolutions  per  minute,  we  should 
have     ^^     =  14  knots  per  hour. 

The  slip  of  a  propeller  is  the  difference  between  its  speed  and  the 
speed  of  the  ship  it  propels.  If  the  screw  were  turued  into  wood  or  into  a 
nut  there  would  be  no  slip;  but  as  water  is  a  yielding  medium,  and, 
moreover,  as  a  screw  revolving  close  under  the  stern  of  a  vessel  is  subject 
to  a  variety  of  influences,  there  must  always  be  slip. 

If,  as  just  shown,  the  speed  of  the  screw  is  13*8  knots  per  hour,  and 
the  speed  of  the  ship  only  11  knots,  the  difference  would  be  2*8  knots  per 
hour,  and  this  would  be  the  slip.  The  slip  is  usually  expressed  as  a  per- 
centage of  the  speed  of  the  screw.  Let  8  =  speed  of  the  ship,  and  s  speed 
of  the  screw,  then  the  slip  per  cent.  Je  will  he  k  =  — —  x  100.  Or,  taking 
the  quantities  previously  used : 

^^'l^^^^  X  100  =  20-3  per  cent. ; 

or  expressed  as  a  fraction  of  the  speed  : 

^^^  =  -203. 

For  a  given  number  of  revolutions  {R),  pitch  (P),  and  slip  per  cent,  (k) 
of  the  propeller,  the  speed  of  the  ship  {8)  will  be  computed  from 

Speed  of  ship  =  (^^)  -  (i^  X  ^^ 

The  speed  of  the  ship  and  the  slip  per  cent,  {k)  being  predetermined, 
the  required  speed  of  the  screw  propeller  will  be  found  from 

a 

Speed  of  propeller  =  ^^^  _  ^^  x  100. 

The  revolutions  required  for  a  given  speed  of  the  ship,  and  speed  and 
pitch  of  the  screw  propeller,  will  be  ascertained  from 

Revolutions  =  Speed  of  Screw  ^   j^j.gg 
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Or  if  the  slip  per  cent,  of  the  propeller  is  only  known 

Revolntione  =  Q^^^ 

The  pitch  required  for  a  given  speed  of  the  ship,  and  revolutions,  and 
slip  per  cent,  of  the  propeller  would  be  found  from 


T>..    ,         /  10138  X  S  \ 
Pitch  =  ^^j^,_j^j 


The  slip  to  which  reference  has  been  made  is  termed  the  wppareni  slip. 
The  real  slip  cannot  in  practice  be  accurately  calculated.  The  real  slip  is 
equal  to  the  stemward  motion  imparted  to  the  water,  owing  to  its  yielding 
nature^  by  the  propeller ;  but,  inasmuch  as  a  vessel  when  sh«^  moves  ahead 
carries  a  forward  wake  with  her,  the  propeller  is  always  rotating  in  water 
previously  set  in  motion  in  the  direction  of  the  motion  of  the  vessel.  The 
speed  of  the  following  motion  of  the  water  or  speed  of  the  wake,  as  it  is 
usually  called,  is  dependent  on  the  form  of  the  vessel,  and,  although  there 
have  been  rules  formulated  for  determining  this  speed,  they  do  not  appear 
to  be  reliable.  For  all  practical  purposes  it  is  sufficient  to  know  that  the 
finer  the  run  the  smaller  will  be  the  velocity  of  the  following  current.  In 
reference  to  this  feature  in  screw  propulsion,  the  late  Professor  Rankine 
thus  summarised  the  effect  of  a  propeller  working  in  disturbed  water: 
"  The  change  of  pressure  produced  in  the  water  by  the  action  of  the 
propeller  on  it,  is  transmitted  to  some  part  of  the  ship's  bottom,  and 
thus  the  resistance  of  the  ship  is  altered.  The  alteration  of  resistance 
so  produced  constitutes  a  difference  between  the  total  thrust  and  the 
effective  thrust  of  the  propeller.  The  effect  is  always  to  produce  a 
waste  of  power  when  the  propeller  works  in  water  previously  set  in 
motion  by  the  vessel ;  in  other  words,  when  there  is  a  difference  between 
the  real  and  apparent  slip.  When  the  propeller  works  in  water  set 
in  motion  by  the  ship  there  is,  in  the  first  place,  a  loss  of  work 
proportional  to  the  real  slip  of  the  propeller  relatively  to  that  moving 
water,  and  then  a  further  loss  of  work  proportional  to  the  square  of 
the  previous  velocity  of  the  water.'' 

It  so  happens  occasionally  that  there  is  apparent  negative  slip,  that  is 
to  say  that  the  ship  appears  to  have  a  greater  speed  than  the  speed  of  the 
propeller;  as,  for  instance,  she  might  have,  if  assisted  by  sails  or  when 
steaming  before  a  strong  wind,  or  from  being  assisted  by  extra  propellers 
in  the  form  of  paddle  wheels,  an  I  in  such  cases  it  means  that  the  vessel  is 
towing  or  dragging  the  screw  through  the  water.  If  the  propeller  always 
rotated  in  motionless  water,  negative  slip  could  only  exist  under  some  such 
conditions  as  just  stated ;  but,  whatever  the  cause  of  its  appearance,  it  is 
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dif&calt  to  anderstand  that  its  presence  does  not  involve  the  phenomenon 
of  the  ship  dragging  her  propeller. 

When  negative  slip  was  first  noticed  it  was  concluded  that  there  had 
been  some  errors  in  measuring  the  pitch  angles,  or  that  the  pitch  altered 
-during  revolution  owing  to  the  flexibility  of  the  blades.  These,  no  doubt, 
are  the  true  explanations  of  negative  slip  in  most  cases,  but  its  existence 
is  also,  to  some  extent,  involved  in  the  fact  that  there  is  always  a  following 
wake  or  current  of  greater  or  less  velocity  at  the  stern  of  a  ship,  and  also 
that  there  may  be  an  increase  of  thrust  in  consequence  of  the  difference  in 
pressure  before  and  behind  the  propeller  due  to  the  suction  of  its  rotating 
race.  But  whatever  conditions  are  involved  in  the  alleged  possible 
negative  slip  we  have  never  yet  come  across  an  instance  of  it  in  a 
yacht. 

The  theory  of  the  following  current  is  that  additional  thrust  is  obtained 
from  it ;  the  theory  is  surrounded  by  many  complications,  but  practically  it 
amounts  to  this :  The  following  current  is  intercepted  by  the  screw  which 
receives  the  pressure  on  its  blades  which  otherwise  would  have  been 
•expended  on  the  stem  or  quarters  of  the  ship.  The  first  effect  is  to  increase 
the  resistance  of  the  ship  by  the  withdrawal  of  the  pressure  on  the  quarters ; 
but  the  loss  in  this  respect  might  mostly  be  made  up  by  the  pressure  on 
the  propeller.  This  pressure  on  the  propeller  would  have  the  effect  of 
reducing  the  number  of  times  the  engine  could  turn  it  round — in  other 
words,  the  speed  of  the  propeller  would  be  reduced,  but  its  thrust  would  be 
augmented.  In  such  a  case  negative  slip  might  or  might  not  appear  accord- 
ing to  whether  the  reduction  in  the  speed  of  the  propeller  exceeded  or  not 
the  reduction  in  the  speed  of  the  ship  due  to  the  abstraction  of  water 
pressure  around  her  stern.  This  much,  however,  seems  certain,  that  the 
net  result  of  negative  slip  or  exceedingly  small  slip  is  a  falling  off 
in  the  speed  of  the  ship  from  what  it  ought  to  be  for  any  given  horse 
power. 

It  would  seem,  from  the  experiments  which  have  been  made,  that 
negative  slip  is  most  likely  to  occur  when  the  blade  area  is  large  and 
when  the  pitch  is  small  relative  to  the  diameter,  because  such  propellers 
have  small  real  slip,  and  because  they  are  at  a  more  favourable  angle  for 
facing  the  pressure  of  the  following  wake ;  also,  if  the  propeller  is  placed 
•close  under  the  quarters,  it  largely  adds  to  the  causes  which  produce 
negative  slip,  as  will  be  gathered  from  what  has  been  said.  It,  however, 
may  be  an  advantage  for  the  propeller  to  work  in  a  following  wake, 
providing  it  is  not  placed  so  close  to  the  quarters  as  to  interfere  with 
the  water  pressures  on  the  quarters,  and  if  the  form  of  the  after 
hody   is  adapted  for  the  purpose.       That  is  to  say,  if  by  working  in  a 
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following  wake  the  same  speed  could  be  obtained  for  a  smaller  number 
of  revolutions,  there  would  be  a  gain  in  engine  economy ;  but  this  would 
not  account  for  negative  slip.  The  resistance  of  the  ship  must  always- 
balance  the  actual  force  employed  in  propelling  her;  but  true  negative 
slip  would  involve  the  absurdity  that  a  ship  can  be  propelled  at  a 
given  speed  by  a  smaller  force  than  her  resistance  at  that  given 
speed. 

With  regard  to  the  smallness  of  slip  depending  on  a  large  diameter 
and  relatively  small  pitch,  it  would  appear  that  this  need  not  necessarily 
mean  that  such  a  propeller  would  be  more  efficient  than  one  of  smaller 
diameter  and  greater  pitch,  or  of  similar  diameter  but  of  greater  pitch. 
The  percentage  of  apparent  slip  is  therefore  not  a  safe  test  of  the  efficiency 
of  propellers,  and,  so  far  as  our  present  knowledge  goes,  the  only  reliable 
test  is  the  result  of  any  particular  propeller  on  the  speed  of  a  ship  with 
any  given  engine  power. 

A  great  variety  of  shapes  and  forms  has  been  given  to  screw  blades, 
and  it  would  seem  that  they  can  be  of  almost  any  shape  the  fancy  might 
dictate.  One  feature,  however,  seems  pretty  certain,  that  the  inner  portion* 
of  the  blade  next  the  shaft  or  boss  is  almost  useless,  as  the  friction  and 
resistance  derived  from  it  is  greater  than  the  thrust  it  gives.  It  is,  there- 
fore, found  an  advantage  to  have  a  large  round  boss,  as  introduced  by 
Mr.  Griffiths. 

In  yachts  built  of  wood,  with  very  thick  stem  posts  and  rudder 
posts,  the  aperture  for  the  screw  should  be  somewhat  larger  than  it  is 
in  an  iron  or  steel  yacht,  to  admit  of  the  propeller  being  kept  some  distance 
from  the  rudder  post,  so  that  the  eddies  around  it  may  be  avoided ;  or,  in 
other  words,  so  that  there  is  an  uninterrupted  flow  of  water  to  the 
propeller,  so  that  the  water  acted  upon  may  be  undisturbed  by  eddies. 
The  aft  side  of  the  stern  post  and  the  rudder  post  should  be  bevelled  away 
as  much  as  possible,  or  rounded  away  so  as  to  form  an  oval  section,  in  order- 
to  reduce  the  eddy  making. 

This  question  of  the  diameter  of  boss  and|  the{  small  influence  of  root 
of  blade  is  a  very  open  one.  The  steam  yacht  Pauvette,  420  tons,, 
designed  by  the  author,  had  four  shiftable  blades  which  involved  a  very 
large  boss:  The  speed  fell  short  of  what  was  expected  by  nearly  a  knot 
per  hour.  The  screw  was  discarded,  and  one  fitted  with  fixed  blades  and 
cast  in  Stone's  patent  metal,  the  pattern  of  the  propeller  being  supplied 
by  Messrs.  W.  White  and  Son,  of  Cowes.  The  length  of  the  blades 
was  increased  one  foot  by  the  decrease  in  the  diameter  of  the  boss,  but  the 
pitch  remained  practically  the  same,  the  most  marked  difference  being 
that  the  propeller  weighed  one  ton  less  than  the  original  propeller^    and 
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increased  the  speed  of  the  yacht  from  14*6  knots  to  15*6  knots  per  hour. 
(See  Fauvette  among  the  plates  of  steam  yachts).  This  is  not  a  new 
experience^  but  can  be  taken  as  an  addition  to  the  evidence  that  the 
diameter  of  boss  and  length  of  blade  largely  influence  the  efficiency  of 
screw  propellers. 

The  form  of  the  propeller  fitted  to  Fauvette  by  Messrs.  W.  White 
and  Sons^  of  Cowes^  and  which  gave  such  excellent  results,  was  somewhat 
of  the  form  shown  on  Plate  IX. 

The  dimensions  of  Fauvette  are  as  follows  : 

Length  oyer  all 189ft.  9iii. 

Length  on  L.W.L 160ft. 

Breadth  22ft.  Sin. 

Depth,  top  of  beams  to  top  of  floors  15ft. 

Draught  of  water  aft 12ft.  Uin. 

Areaof  L.W.L 2536  sq.  ft. 

Area  of  mid-seotion  181  sq.  ft. 

Displaoement  on  trial,  bankers  and  tanks  foil,  and  boats 

in  davits 491  tons. 

Screw  propeller,  diameter  (White's)  10ft.  9iin. 

„            „         pitch  mean    17ft.  Sin. 

Snrfaoe  of  all  the  blades  (four)    45  sq.  ft. 

Bevolntions  on  trial 100 

Indicated  horse  power  1150 

Speed  (mean)  in  knots 15*6 

Slip  per  oent.  of  propeller   10*6 

Total  weight  of  machinery,  steam  np 167  tons. 

With  regard  to  area  of  blade  surface,  it  would  seem  that  it  has  been  the- 
practice  to  give  too  much  area  and  too  little  pitch,  a  matter  to  which  the  late 
Mr.  Fronde  was  the  first  to  draw  attention.  The  rule  formerly  given  in  some  of 
the  text  books  for  apportioning  blade  area  for  maximum  speeds,  is  as  follows  r 

V     Bevolntions 

The  maximum  I.H.P.  and  revolutions  being  used  in  the  expression,, 
C  is  a  constant  of  the  following  assigned  value : 
Pour  blades,  15. 
Three  blades,  13. 
Two  blades,  10. 
These   constants  are,   however,  much  too   high  in  yacht  practice  at 
present,  although  they  agree  pretty  well  with  the  apportionment  of  blade 
area  in  the  Eoyal  Navy.     So  far  as  propellers  for  yachts  of   fine  under 
water   body   form   are   concerned,  a  sufficient  blade  area  is  in  practice- 
found  by  the  formula  with  a  constant  of  about  10  for  either  three  blades 
or  four  blades,  and  a  two-bladed  propeller  is  seldom  found  in  a  yacht 
which  is  not  termed  an  auxiliary  such  as  Tern  or  Lady  Nell,  as  will  be 
gathered  from  the  following  table : 
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%  i         Blade 
Yacht.                 ,  v-g      surface  in 

Value 

of 

coDstant. 

C. 

Yaebt. 

o8 

Blade 

surface  in 

aq.ft 

Vahe 

of 

oonsUnt 

c. 

Fair  Geraldine ,     3         160 

10-8 

9-4 

130 

9-8 

9-8 

90 

8-4 

11-8 

10-2 

11-6 

90 

12-8 

Primrose  

Marohesa 

Linotte 

Imogren 

Oliiria    

Cressida    

4 

4 
4 
4 
3 
3 
4 
3 
4 
4 
4 
4 

1 
6*3             S-4 

Ariea 4         146 

-Capercailzie  4         32*2 

Celia  4           3*9 

Nomad  4           7-8 

Oriental                               3     '     13*5 

170 
110 
370 
11-0 
17-2 
36-5 
17-2 
24.0 
120 
450 
16  0 

11-3 
lOO 
111 
12-0 
10*8 

Amazon    .....                   4           7'5 

Lady  Nell    

13-6 

Malilrah 4         232 

Fire  Fay                              4     '     237 

Gertrude  

Paulina 

12-4 

9*9 

Bionag-na-Mara   4         250 

Tern   2     ;       4-0 

Mera  4         24*0 

Samara     

9-1 

Fanvette  

Speedy  

130 
9*4 

1 

1 

Too  little  blade  area  is  generally  indicated  by  an  abnormal  amount  of 
^slip  at  bigb  speeds^  with  small  indicated  thrust ;  and  too  much  area  is  shown 
by  smallness  of  slip,  and  in  such  cases  the  friction  from  the  propeller  would 
be  absorbing  an  undue  amount  of  the  power  developed  by  the  engine. 

Two,  three,  or  four  blades  seem  to  be  pretty  nearly  equally  efficient, 
but  the  greater  the  number  of  blades  the  coarser  should  be  the  pitijh ;  and 
if  the  vessel  is  full  aft  it  would  appear  to  be  an  advantage  if  the  blades 
.are  bent  stemwards,  as  the  action  of  the  blades  on  the  water  would  then 
have  a  less  injurious  effect  in  withdrawing  pressure  from  the  quarters  (see 
farther  on) . 

One  great  advantage  of  a  number  of  blades  is  the  effect  they  have 
in  reducing  vibration,  and  the  shocks  incident  to  the  revolving  of  two 
blades  with  pressures  varying  at  different  parts  of  the  revolutions  due  to 
differences  of  immersion  and  water  thrown  by  the  blades  on  to  the  dead 
wood,  and  other  causes."*^ 

With  regard  to  friction,  the  blades  should  be  made  as  smooth  as 
possible,  especially  the  front  edges,  which  should  be  quite  knifelike  in 
-sharpness,  and  the  general  thickness  of  the  blades  should  not  exceed  what 
the  strength  requires.  There  would  seem  to  be  some  advantage  if  the 
blades  are  elastic,  and  bend  whilst  revolving,  especially  in  the  case  of 
-small  vessels;  and  Messrs.  Yarrow  have  recorded  a  case  within  their 
experience  of  torpedo  boat  propulsion  where,  by  submitting  a  thin  elastic 
iDlade  for  a  perfectly  rigid  one,  the  speed  was  altered  from  17^  knots  to 
19  knots. 

A  screw  of  very  large  diameter  and  great  blade  surface,  revolving 
tit  a  high  velocity,  would  by  frictional  resistance  cause  a  waste  of  engine 

*  That  one  of  the  chief  sources  of  vibration  is  from  the  shocks  incidental  to  the  water  being 
thrown  upon  the  stempost  and  dead  wood  there  is  no  donbt.  One  of  the  effects  of  cutting  away 
iihe  whole  of  the  dead  wood  aft  as  practised  by  Mr.  J.  S.  White  in  his  fast  steam  lannohes,  has 
been  to  almost  annihilate  vibration.  It  shonld  also  be  noted  that  vibration  diminishes  largely  at 
•the  higher  speeds  attained  by  torpedo  boats. 
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power  greater  than  a  screw  of  increased  pitch  and  somewhat  decreased 
diameter  and  blade  surface.  A  remarkable  instance  of  this  is  recorded 
by  Mr.  J.  Wright  concerning  H.M.S.  Iris.* 

This  ship  was  tried  with  several  propellers,  the  most  marked 
differences  being  as  follows:  (It  is  worthy  of  note  that  the  constants- 
obtained  by  the  formula  just  now  given  were  respectively  21  for  No.  1,, 
16  for  No.  2,  and  only  12-3  for  No.  3.) 


i 

1 

2                   3 

LH.P 

Speed  of  the  nhip 

7503 

16-68 

18ft.  6jiii. 

18ft.  2iii. 

4 

7714             7556 
18-57            18-59 

Diameter  of  aorew  

'     Pitch  of  screw 

Number  of  blades    

16ft,  Sjin.  1  18ft.  IJin. 
20ft.          21ft.  3in.  < 
4                   2 

Area  of  the  blades  

194-4               144                112        . 

BeTolntioDs  

Slipper  cent 

91.0 
1-6  (negr.) 

97                  93 
3-0         1        50 

The  real  slip  of  No.  I  propeller  was  probably  less  than  either  of 
the  other  two,  and  therefore  showed  a  negative  slip  although  operating 
in  the  same  current  or  wake  at  the  stem.  The  No.  1  propeller  can 
therefore  be  regarded  as  the  most  efficient,  judged  by  the  slip,  but  its 
frictional  resistance  absorbed  so  much  of  the  engine  power  that,  judged 
by  its  effect  on  the  speed  of  the  ship,  it  proved  the  least  efficient. 

If  by  working  with  a  coarser  pitch  the  same  speed  can  be  obtained 
for  the  same  number  of  revolutions,  there  will  obviously  be  a  great 
saving  of  wear  and  tear  in  the  engine,  although  the  load  on  the  shaft 
per  revolution  would  be  greater;  and  there  may  be  some  gain  in  the 
efficiency  of  the  engines,  as  the  loss  in  pressure  at  the  admission  ports 
would  be  diminished  at  the  slower  piston  speed. 

If  any  great  change  is  made  in  the  steam  pressure  in  the  boiler  by 
diminishing  the  load  on  the  safety  valve  as  the  boiler  deteriorates,  it  may 
then  be  necessary  to  reduce  the  pitch  of  the  propeller.  For  any  given 
weight  of  steam  the  smaller  the  pressure  the  greater  the  volume,  and  to 
utilise  the  same  weight  of  steam  in  the  same  time  a  greater  number  of 
revolutions  must  be  made,  and  perhaps  the  steam  ports  made  larger.  It 
will  thus  be  seen  that  the  pitch  of  the  propeller  may  effect  the  efficiency 
of  the  engine;  and,  working  capriciously  at  varying  pressures,  may  also- 
vary  the  efficiency  of  the  engine  relative  to  the  quantity  of  steam  used. 

The  results  of  some  experiments  made  by  Messrs.  Yarrow  with  a 
torpedo   launch    were    published    in   1879,t    and    show    how    uncertain 

*  Vide  Transactions  of  the  Institntion  of  Naval  Architects,  1879. 
t  Tide  the  Engineer,  Ang.  29,  1879. 
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the  means  of  forecasting  results  from  what  is  known  of  the  action  of  the 
propeller  must  be. 


1 

2 

3 

4 

5 

6 

7 

6 

Ft  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft  In. 

Ft  tn. 

Ft  in. 

Ft  in. 

Diameter 

5     6 

5     6 

5     2 

4    4 

4    4 

3  11 

3  10 

3     6 

Pitch    

4     6 

6     0 

5     0 

5     0 

6    0 

6     0 

5     9 

7     0 

Area  of  blade  snrfaoe  in  sq.  ft.    ... 

3-4 

8-8 

2-7 

3-8 

2-9 

3-5 

4-3 

27 

Number  of  blades  

2 

3 
12-6 

2 
12-6 

2 
12-4 

2 
12-8 

2 

12-2 

2 

120 

2 

r  75I.H.P. 

11-8 

100     „ 

13*6 

13-3 

13-2 

131 

130 

12-9 

12*4 

12-2 

200     „ 

15-2 

15-2 

15-5 

15-3 

15-7 

150 

150 

14-6 

Speed  of  yeseel i 

800     „ 

168 

180 

17-2 

17-8 

18-2 

17-6 

17-4 

16-6 

400     „ 

180 

19-5 

19-9 

19-8 

19-8 

19-9 

180 

500     „ 

19-6 

— 

— 

22*4 

— 

21-4t 

— 

— 

L550     „ 

20-5 

— 

—" 

280» 

— 

^^ 

— 

*  This  was  with  520  I.H.P.  only. 


t  This  was  with  480  I.H.P. 


These  trials  were  made  under  practically  the  same  conditions^  the 
•displacement  being  27  tons,  and  the  length  of  the  launch  about  80ft.  water 
line;  and  although  the  I.H.P.  might  not  with  these  high  speed  engines  be 
quite  accurately  calculated,  the  work  done  by  the  engines  would  vary 
regularly  all  through. 

Nos.  1  and  8  afford  a  marked  example  of  what  can  be  done  with 
widely  varying  pitch,  diameter,  and  blade  area  ;  the  efficiency  of  the 
propellers  being  practically  the  same  at  the  higher  speeds. 

Nos.  5  and  6  afford  proof  in  a  remarkable  degree  of  the  correctness 
-of  Mr.  Proude's  statement  that  "  a  very  much  longer  pitch  than  has  been 
commonly  adopted  is  favourable  to  efficiency ;  and,  instead  of  its  being 
•correct  to  regard  a  large  amount  of  slip  as  a  proof  of  waste  of  power, 
the  opposite  conclusion  is  the  true  one;'*  and  then  referring  to  a  screw 
working  in  the  following  current,  he  went  on  to  say  "  one  certain  effect 
of  it  is  to  make  the  slip  ratio  smaller  than  it  really  is^  and  thus  mask  the 
conclusion  that  a  greatly  reduced  slip  is  a  proof  of  waste  of  power.'' 

Particulars  as  to  the  number  of  revolutions  and  amount  of  slip  of  Mr. 
YarroVs  propellers  were  not  published,  but  a  general  feature  of  the 
trials  was  that  the  screws  which  had  the  least  variation  of  slip  at  different 
speeds^  and  those  with  but  little  slip  at  low  speeds^  were  without  exception 
bad  at  the  higher  speeds.  These  are  indicated  as  Nos.  1,  2,  3.  It  will 
he  also  seen  that  those  propellers  which  were  best  at  the  highest  speeds 
•-did  not  prove  the  best  at  the  lowest.  This  feafcure  was  also  brought  to 
light  by  the  Medusa  trials  in  1889 ;  a  screw  of  13ft.  6in.  pitch  proved  to 
be  better  than  one  of  12ft.  Sin.  in  diameter,  and  17ft.  3in.  pitch  at  the 
highest  speedy  but  not  at  the  lowest. 

The  results   of   these   experiments    lead    to    the   conclusion   that   a 
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propeller  which  is  good  for  one  speed  may  not  be  for  another,  but  the 
unfortunate  feature  is  that  so  far  as  our  present  knowledge  extends 
the  most  suitable  propeller  for  any  given  speed  can  only  be  discovered 
by  experiment. 

It  is  seldom,  however,  that  much  trouble  is  taken  with  the  propeller 
•of  a  yacht  after  it  has  been  once  fitted,  although  occasionally  we  hear  of 
one  being  altered.  In  the  case  of  the  small  steam  yacht  Celia,  designed  on 
fine  lines  by  the  author,  to  attain  a  speed  of  10  knots,  with  300  revolu- 
tions and  60  I.  H.  P.,  failing  to  attain  that  speed,  there  seemed  to  be 
reason  for  supposing  that  the  propeller  vras  unsuitable  for  the  purpose. 
The  actual  horse  power  indicated  with  300  revolutions  was  58,  and  the 
speed  9-7  knots,  and  30  per  cent.  slip.  This  seemed  to  be  an  unusual 
amount  of  slip,  and  appeared  to  imply  that  the  screw  was  too  small,  and 
the  indicator  diagrams  pointed  to  the  fact  that  the  initial  pressure  was  not 
maintained  to  the  cut-off  point  of  the  stroke,  consequently  the  steam  was 
wire  drawn,  owing  to  the  piston  speed  being  too  fast  for  the  size  of  the 
jadmission  ports.  Accordingly  it  was  determined  to  provide  for  running 
jat  fewer  revolutions,  and  the  screw  was  taken  off,  and  another  fitted  of 
larger  diameter,  coarser  pitch,  and  about  the  same  surface.  The  engines 
indicated  about  the  same  power  as  before,  with  220  revolutions,  and 
Ihe  speed  attained  was  10  knots,  showing  a  slip  of  17  per  cent.  The 
•dimensions,  &c.,  of  this  yacht  are  as  follows  : 

Length  on  water  line  57ft. 

Beam 10ft. 

Draught  of  water  with  metal  shoe  5ft.  lOin.. 

Displacement  27  tons. 


FIRST  TRIAL. 

SECOND   TRIAL. 

I.H.P 

IMamttter  of  sorAW  . . . 

58 
3ft.  4m. 
4ft.  7in. 

4 
8-9  sq.ft. 

800 
9-7  knots 

80 

7  knots 
28 
28 

I.H.P 

Diameter  of  screw   .        

5ft.  2in. 

Pitoh  of  Borew 

Pitoh  of  screw 

5ft,  6in. 

Namber  of  blades    

Number  of  blades   

8 

Blade  Borfaoe    

Blade  surface   

3-8  sq.  ft. 

Berolntions 

Speed  of  yacht 

Bevolntions  

Speed  of  yaoht 

220 
10  knots 

Slip  per  cent.   

Speed  with  200  reTolnfcionB    

Slipper  cent 

LH.P 

Slip  per  cent 

Speed  with  190  reTolntiona  

Slip  per  cent 

17 

9  knots 
14 

The  gain  here  with  regard  to  wear  and  tear  of  the  engines  was 
very  considerable,  as  the  desired  speed  was  attained  with  about  80  per 
cent,  fewer  revolutions;  and  no  doubt  the  machinery  was  really  more 
•efficient  when  working  at  the  reduced  number  of  revolutions. 
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A  somewhat  similar  experience  occurred  with  the  steam  yacht  Olivia^ 
built  by  Messrs.  A.  and  J.  Inglis,  of  Glasgow.  The  dimensions^  Sue.,  of 
this  yacht  are 

Length  on  water  line  98ft. 

Breadth,  extreme - 15ft. 

Draught  of  water  aft 8.8ft. 

Displacement    1 30  tons . 

The  steam  trials  with  three  different  propellers  gave  the  following  results : 


Propeller  No.  1 . . 
No.  2.. 
No,  3.. 
No.  3 


Diameter. 

Piich. 

Total 
BUde  Area. 

Ft.     in. 
5       6 

Ft.     in. 
7       6 

Sq.ft. 
7 

5      6 

8       0 

9 

6       6 

8       0 

11 

5       6 

8       0 

11 

Hevoln-        gpeed. 
tlont.  " 


155 
155 
150 
150 


9-9 

9-9 

10-2 


*  The  speed  with  this  propeller  was  not  accurately  taken,  but  it  was  barely  nine  knots,  and 
showed  an  abnormal  amount  of  slip. 

The  case  of  the  steam  yacht  Amazon  affords  another  proof  of  the 
uncertainty  of  any  forecast  of  what  the  actual  effect  of  the  propeller  will 
be  on  the  speed  of  a  vessel  with  a  given  number  of  revolutions.  The 
Amazon  was  designed  by  the  author  to  attain  a  speed  on  the  mile  of 
10'5  knots.  In  order  to  insure  a  high  eflSciency  of  the  three-bladed 
propeller,  the  diameter  was  made  as  great  as  well  could  be — 6ft.,  the 
pitch  7*lft.,  and  area  of  blade  surface  8*5  sq.  ft.,  revolutions  190,  and 
slip  15  to  20  per  cent.  Upon  the  first  trial,  with  a  strong  easterly  wind 
blowing  up  the  mile  in  Stokers  Bay,  164  revolutions  were  obtained,  which 
gave  a  speed  of  10*49  knots ;  the  steam  pressure  in  the  boiler  being  971b. 
On  the  second  trial  with  a  smart  beam  wind,  a  boiler  pressure  of  1001b.  was 
easily  kept  and  with  174  revolutions  a  speed  of  11*1  knots  was  obtained^ 
although  the  displacement  had  been  increased  by  7  tons  by  putting  in  ballast. 

The  slip  was  only  9  per  cent.,  or  a  little  more  than  half  what  had  been 
anticipated  with  about  190  revolutions;  it  was  plain  that  the  higher 
number  of  revolutions  could  not  be  accomplished ;  but,  as  the  expected 
speed  was  more  than  realised,  the  result  could  only  be  regarded  as  satis- 
factory. There  was,  however,  very  considerable  vibration  from  the  three- 
bladed  propeller.  To  alleviate  this  a  four-bladed  screw  was  fitted,  with 
slightly  increased  pitch  and  1  sq.  ft.  less  blade  surface.  It  was  expected 
that  there  would  be  a  sUght  falling  off  in  the  efficiency  of  the  propeller,  but 
on  the  contrary  it  proved  more  efficient,  a  speed  of  10*6  knots  being 
obtained  with  931b.  steam  pressure  and   155  revolutions,  the  slip  being 
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8  per  cent.  less.  This  circumstance  pointed  to  the  correctness  of  the 
contention,  first  promulgated  by  the  late  Mr.  Proude,  that  it  is  the  anterior 
edges  of  the  blades  which  do  the  greatest  amount  of  work  {vide  *^  Proceed- 
ings of  the  Institution  of  Civil  Engineers,'*  1871),  and  in  this  instance 
the  additional  blade  more  than  made  up  for  the  loss  of  surface. 

It  should  be  noted  that  when  the  third  trial  was  made  the  weather  was 
very  unfavourable,  a  dead  calm  prevailing,  so  that  the  full  boiler  pressure 
of  1001b.  could  not  be  obtained ;  otherwise  the  result  would  probably  have 
exceeded  that  given  on  the  second  trial. 

SPEED   TRIALS   OP  THE   S.Y.   AMAZON. 


First  Trial. 


Second  Trial. 


Third  Trial. 


Length  on  water-line  

Beam,  extreme 

Draught  water  aft  

Draught  forward 

Displaoement    

Are»  of  mid-Beotion 

Area  of  wetted  snrfaoe  

Diameter  of  cylinders 

Stroke  ditto  

Diameter  of  boiler  

Length  of  ditto    

Diameter  of  fnrnacea  (2)    , 

Grate  area 

Heating  surface   , 

Total  weight  machinery,  steam  up 

Load  on  wfety  valves 

Mean  pressure  on  trial    

Bevolutions  

LH.P 

Vacuum 

Diameter  of  propeller 

Pitch  ditto    

Surface  of  all  the  blades  (3) 

Speed  of  yacht  on  trial 

Slip  per  cent,  of  propeller 

State  of  weather 


83ft. 

15ft.  Sin. 

8ft.  Sin. 

5ft.  6in. 

77  tons. 

60  sq.  ft. 

1380  sq.  ft. 

lOin.  and  20in. 

16ii). 

8ft. 

7ft.  6in. 

2ft.  4in. 

23  sq.  ft. 

509  sq.  ft. 

25  tons 

1001b. 

971b. 

164 

124 

24in. 

6ft. 

71ft. 

8-5  sq.  ft. 

10-49  knots. 

8-7 

Strong  head  wind 

and  some  sea. 


88ft.  4in. 
15ft.  Sin. 

8ft.  2in. 

6ft.  2in. 

84  tons. 

64  sq.ft. 

1488  sq.  ft. 


Ditto. 


1001b, 

174 

Not  taken. 

25iin. 

6ft. 

71ft. 

8*5  sq.  ft. 

11.1  knots. 

Smart  beam  wind, 
smooth  sea. 


83ft.  4in. 
15ft.  6in. 

8ft.  2in. 

6ft.  2in. 

84  tons. 

64  sq.  ft. 

1448  sq.  ft. 


Ditto. 


931b. 

155 

125 

26in. 

6ft. 

7-4ft. 

7-5  sq.  ft.* 

10-6  knots. 

6 
Dead  calm. 


*  This  was  a  four-bladed  propeller. 

A  similar  steamer^  named  Linotte^  was  subsequently  designed  by  the 
author  to  obtain  a  speed  of  11*5  knots  on  the  measured  mile.  Her 
dimeosions  are  as  follows : 

Length  on  load  Une 88-25ft. 

Beam  extreme 14'5ft. 

Draughtof  water   6-3ft. 

Area  of  mid-section    54  sq.  ft. 

Displaoement  84  tons. 

Diameter  of  propeller    5'5ft. 

Pitch  of  propeller  8-75ft. 

Surf  ace  of  aU  the  blades  (four)    94  sq.  ft. 

Diameter  of  second  propeller    5*4ft. 

Pitch  „  , 9-«ft. 

Surface  „  „  (four)    11  sq.  ft. 

IT 
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SPEED  TRIALS  OP  THE  S.Y.   "LINOTTE." 


Indicated  horse  power  . . . . 

Revolntions 

Speed  

Slip  per  oent.  of  propeller. 


First  Bon. 

Second  Ban. 

TUidBon. 

Trial  wifh 
2nd  ProfNlIir. 

196 

175 

11*5  knots 

28-8 

128 

157 

10-7  knots 

20-7 

71 

120 

9  knots 

13 

187 

165 

12*05  knoU. 

22-9 

It  must  not  be  concluded  that  the  area  of  the  blade  surface  can  be 
decreased  indefinitely ;  this  is  by  no  means  the  case,  and  the  inefficiency  of 
a  propeller  caused  by  insufficient  area  of  blade  can  be  detected  by  aid  of  a 
curve  of  indicated  thrust^  as  the  thrust  will  undergo  but  little  augmenta- 
tion as  the  speed  increases.  This  matter  will  be  treated  of  further  on. 
In  a  trial  on  the  measured  mile  the  fact  that  a  strong  wind  is  blowing 
in  the  direction  that  has  to  be  steamed  may  make  the  results  of  the  runs 
very  unreliable^  especially  if  the  yacht  has  large  deck  houses^  bridges, 
masts^  and  funnel.  The  retardation  when  steaming  head  to  wind  will  be 
much  greater  than  the  acceleration  when  before  the  wind,  as  if  the 
boilers  have  nothing  but  natural  draught  to  urge  the  fires,  there  wiU  be  a 
falling  off  in  the  steam  pressure  whilst  making  the  run  before  the  wind. 
Again^  if  the  wind  and  tide  are  in  the  same  direction,  the  run  to  wind- 
ward will  be  longer^  and  the  retardation  greater.  For  these  reasons,  a  trial 
should  be  made,  if  possible,  with  a  beam  wind. 

It  may  happen  that  an  abnormal  amount  of  slip  will  occur  when 
steaming  against  a  head  wind,  or  towing  another  vessel.  This  simply 
means  that  the  resistance  of  the  wind  so  much  retards  the  vessel's  speed 
that  the  screw  has  to  work  as  it  were  over  and  over  again  in  the  same 
water^  and  is  in  fact  to  some  extent  churning  the  water  and  making  an 
inefficient  thrust.  There  may  also  be  an  abnormal  amount  of  slip  if  the 
vessel  is  bluff  in  the  bow^  and  from  that  cause  difficult  to  propel. 

Some  general  conclusions  deduced  by  the  late  Mr.  Fronde  concerning 
the  propeller  were  as  follows  :  * 

That  at  moderate  speeds,  when  the  resistance  varies  from  speed  to 
speed  as  the  square  of  the  speed,  the  slip  per  cent,  should  be  uniform ; 
but  in  practice  there  is  usually  a  slight  increase  of  slip  as  the  number  of 
revolutions  increase. 

When  the  resistance  varies  in  greater  ratio  than  the  square  of  the 
speed,  there  will  be  a  greater  increase  of  slip. 

If  two  ships  have  the  same  resistance  at  different  speeds,  the  screw 
area  which  will  overcome  the  resistance,  while  maintaining  a  given   slip 

•  Vide  a  paper  in  the  Transactions  of  the  Institution  of  Naval  Architects,  1878,  "  On  Pitch, 
Slip,  and  Propnlsiye  Efficiency." 
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ratio,  will  be  less  in  the  ratio  of  the  sqaares  of  the  speed  for  the  ship 
which  has  the  higher  speed. 

The  nninber  of  blades  for  any  given  length  of  blades  and  total  area 
•does  not  appear  to  mnch  influence  shp. 

Twin  screws  have  frequently  been  tried  in  yachts  of  shallow  draught 
when  a  single  propeller  of  sufficient  diameter  could  not  be  used,  so  as  to 
obtain  the  desired  speed  and  take  up  the  full  engine  power.  A  separate 
engine  must  of  course  be  provided  for  each  propeller.  Beyond  the 
^vantage  indicated,  a  vessel  with  two  screws  can  be  easily  manoeuvred, 
and  if  one  propeller  or  engine  became  disabled,  the  vessel  could  be  pro- 
pelled with  the  remaining  one.  The  chief  objection  to  twin  screws  is  their 
•costliness  in  fitting  and  in  duplicating  the  machinery. 

We  have  now  to  consider  the  propeller  in  relation  to  the  vessel  it 
has  to  propel.     It  has  already  been  pointed  out  that  the  currents  which 
close  in  around  the  stern  of  a  vessel  as  she  advances  through  the  water  exert 
A  forward  pressure,  and  consequently  act  in  balancing  the  head  resistance. 
The  action  of  the  screw  is  to  drive  away  some  of  the  following  current  and 
lessen  the  pressure  around  the  stem   of   the  vessel,  which  is  equivalent 
to  increasing  the  pressure  at  the  bow.    The  larger  the  disc  area  of  the  pro- 
peller and  the  larger  the  area  of  the  surface  of  its  blades,  and  the  nearer  it 
is  placed  to  the  stem,  the  greater  will  be  the  action  of  the  propeller  felt  in 
aagmenting  the  resistance  in  the  manner  described.     As  the  propellers  are 
asaally  placed  there  seems  to  be  no  escape  from  this  augmentation,  but  it 
grows  less  and  less  as  the  fineness  of  the  afterbody  is  increfiwed.    Increasing 
the  fineness  of  the  afterbody  is  virtually  placing  the  screw  farther  aft,  and  it 
has  been  found  a  great  advantage  to  remove  the  screw  abaft  the  rudder  in 
very  small  yachts ;  but  there  would  be  too  much  risk  attending  this  practice 
in  lar^  vessels,  unless  some  secure  means  could  be  devised  for  supporting 
the  shaft.    From  some  experiments  made  by  Mr.  Froude,  he  concluded  that 
the  advantages  of  placing  the  screw  farther  aft  away  from  the  stempost 
went  on  increasing  until  removed  a  distance  of  about  one-third  the  breadth 
of  the  vessel  away ;  after  that  there  was  no  gain,  and  the  result  pointed  to 
the  conclusion  that  there  was  an  advantage  if  the  screw  worked  in  the 
wake,  providing,  as  just  explained,  it  did  not  interfere  with  the  hydrostatic 
{pressure  on  the  vessel  due  to  the  currents  closing  in  aroand  her  stem. 

Beyond  this,  Mr.  Froude  endeavoured  to  determine  more  exactly  the 
influence  the  screw  has  in  augmenting  the  resistance  in  the  manner 
<le8cribed.  After  he  had  obtained  the  exact  resistance  of  each  model 
by  towing  it  from  the  truck  across  the  tank,  he  had  the  models  towed 
^gain  at  the  same  speeds,  but  with  another  following  truck  from  which 
-was  worked  a  screw  immediately  under  the  stern  of  the  model  in  the 

u  2 
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position  it  would  occupy  in  a  real  ship,  but  not  actually  attached  to  it; 
and  needless  to  say  the  propellers  were  in  each  case  of  suitable  size,  and 
made  to  travel  at  speeds  suitable  to  the  speed  of  the  models.  By  this 
most  ingenious  arrangement  he  discovered  that  the  augmented  resistance 
amounted  to  as  much  as  from  40  to  50  per  cent. ;  that  4s  to  say,  the  towing 
strain  on  the  dynamometer  at  any  given  speed  was  augmented  from  40  to 
50  per  cent. ;  or,  in  other  words,  that  the  resistance  of  the  models  was 
increased  to  that  extent.  These  models  were  "  ship  forms,"  and  in  finer 
forms  the  augment  of  the  resistance  from  this  cause  was  reduced  until  it 
was  under  20  per  cent.  These  results  show  that  beyond  the  great  resistance 
due  to  a  very  full  afterbody,  the  action  of  the  screw  augments  that 
resistance  in  a  greater  ratio  in  the  vessel  with  a  full  run  than  it  does  in 
a  vessel  with  a  long,  fine,  and  clean  run ;  hence  it  is  of  greater  importance 
to  have  the  screw  far  away  from  the  stem  in  a  vessel  with  a  full  run  than 
it  is  with  a  fine  run  as  already  explained. 

The  foregoing  affords  an  explanation  of  why  a  vessel  which  is  made 

A 


Fie.  131. 
full  in  the  run,  in  order  to  carry  the  weight  of  her  machinery  aft,  i^  a 
diificult  one  to  drive. 

It  has  always  been  considered  an  advantage  to  have  the  propeller 
deeply  immersed,  and  under  some  conditions  this  is  correct.  At  any  rate 
it  is  a  disadvantage  for  the  propeller  to  work  so  that  the  tip  of  the  blades 
come  near  to,  or  above  the  surface  of  the  water,  because  the  churning  action 
near  the  surface  causes  a  diminution  of  pressure  or  thrust,  and,  moreover, 
brings  unequal  strains  on  the  propeller  and  shaft  due  to  the  unequal  pres- 
sures. But,  beyond  this,  there  is  no  doubt  if  the  propeller  has  to  work  close 
to  the  stern  it  would  be  an  advantage  to  immerse  it  so  deeply  that  it 
did  not  interfere  with  the  stream  line  action  of  the  water  closing  in  around 
the  stern.  Carrying  out  this  view  of  the  case,  Messrs.  Yarrow,  in  1880, 
following  up  an  idea  of  Messrs.  HerrischofF,  put  the  propeller  under  the 
keel,  but  some  distance  forward  of  the  sternpost  instead  of  in  the  usual 
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position  (3ee  A,  Pig.  131).     Length  of  boat  86ft.,  beam  lift.,  displacement 
i2  tons. 

The  results  fell  short  of  what  was  expected,  and  the  boat  was  then 
tried  with  the  same  propeller  in  the  ordinary  position  (shown  by  B, 
Fig.  131).     The  results  obtained  were  as  follows  : 

^•^•^-  Speed.  Speed. 

SOO     14-8  16-2 

400     16-7  18-8 

500     18-3  20-7 

There  is  not  much  doubt  that  the  difference  in  the  speed  was  mainly 
attributable  to  the  action  of  the  propeller  augmenting  the  resistance  by 
disturbing  the  pressure  of  the  closing  in  currents  about  <he  stem. 
Could  the  propeller  have  been  carried  deeper,  a  different  result  might 
have  ensued.  With  regard  to  this  view  of  the  case  several  experiments 
have  been  tried  with  jointed  shafts,  which  would  admit  of  the  vertical 
position  of  the  propeller  being  altered  at  will,  but  the  advantages  do  not 
seem  to  have  been  commensurate  with  the  risks  run.  It  is,  however, 
the  practice  in  most  fast  steam  launches  to  place  the  propeller  so  that 
a  portion  of  its  blades  comes  somewhat  below  the  lowest  point  of  the  keel. 
Prom  the  early  days  of  steam  propulsion  the  co-efficient  of  per- 
formance of  steamships  has  been  derived  from  the  expression  C  =  j^p  ; 
or,  M,  area  of  midship  section,  has  been  substituted  for  D,  displacement. 
In  this  expression  it  is  assumed  that  the  resistance  varies  as  the  square  of  the 
speed,  and  that  the  power  required  to  overcome  that  resistance  varies  as 
the  cube  of  the  speed ;  that  the  useful  power  of  the  steam  engine  varies 
as  the  I.H.P.,  and  that  for  any  given  speed  the  resistance  of  ships  of  similar 
form,  but  of  different  dimensions,  will  vary  as  the  two-third  power  of  their 
displacements,  or  as  the  simple  area  of  their  midship  sections. 

In  the  chapter  on  '^  Resistance  "  it  is  made  sufficiently  clear  that  even  in 
the  case  of  similar  forms  the  resistance  may  not  vary  as  the  displacement  3^ 
nor  as  the  area  of  the  midship  section ;  and,  moreover,  it  is  very  wide  of 
the  mark  to  assume  that  the  resistance  for  different  speeds  in  any  given 
ship  will  vary  as  the  square  of  the  speeds.  How  the  resistance  really  does 
vary  has  only  recently  been  brought  to  light  by  the  introduction  of  "  pro- 
gressive trials,'^  by  the  aid  of  which  speed  curves  have  been  constructed,  and 
the  resistance  as  interpreted  by  the  I.H.P.  can  be  read  off  for  any  speed. 

So  far  as  steam  yachts  go  the  credit  is  due  to  Mr.  John  Inglis,  jun. 
(Messrs.  A.  and  J.  Inglis,  Glasgow),  of  introducing  these  progressive  trials 
with  the  steam  yacht  Oriental  (see  page  297).  Since  that  time  there  have 
been  numerous  other  recorded  progressive  trials,  and  particulars  will  be 
foand  of  them  in  the  annexed  diagrams.  Figs.  132,  133.     The  curves  on 
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page  295  will  illustrate  the  main  elements  of  a  vessePs  performance 
which  came  oat  upon  the  measured  mile  and  relate  to  the  yacht  Mazeppa, 
designed  and  built  by  Messrs.  Bamage  and  Ferguson,  of  Leith. 

The  small  circles  show  the  speeds  on  the  trial  when  the  I.H.P.  was 
taken.  The  curves  of  constants  is  derived  from  the  expression  C  =  -fgy 
If  the  law  of  resistance  varied  as  the  square  of  the  speed,  the  curve  of  con- 
stants would  have  been  a  straight  line ;  but  it  is  plain  it  does  not.  However, 
the  curve  shows  when  the  economical  speed  was  reached  by  its  commencing 
a  downward  tendency  again  after  passing  9  knots.  Thus,  by  the  aid  of  a 
curve  of  indicated  horse  power,  combined  with  a  curve  of  constants,  we  can 
arrive  at  the  most  economical  speed  with  regard  to  engine  power  and  coal 
consumption  to  drive  the  yacht.  In  this  particular  case  the  variation  in  the 
power  required  to  drive  the  yacht  from  speed  to  speed  was  as  follows : 

Povrer  of  speed  to  which 
Speed.  the    I.H.P.   wm   pro- 

portional. 

6      

8      square. 

10      cnbe. 

11*5  4'4  power. 

The  constants  have  been  more  generally  used  in  steamship  practice 
as  a  guide  in  designing  and  putting  engines  into  other  vessels,  but  even 
with  the  greatest  care  in  makiug  the  comparison  between  the  vessels 
under  consideration  the  method  is  very  untrustworthy  for  anything  bnt 
very  moderate  speeds ;  and  then  a  comparison  between  the  wetted  surface 
and  the  I.H.P.  is  a  better  guide. 

The  CO -efficient  for  Mazeppa  would  be  thus  found  for  her  highest 
speed  (and  it  was  unusual  to  find  it  for  any  other). 

Her  displacement  on  trial  was  316  tons,  her  speed  11*5  knots,  and 
I.H.P.  375. 

D?  =     3163    =     46-4* 

V»  =     ll-5»  =     1521 

I.H.P.      =     375 

Co-efficient  =  ^^^\^^^'^  =  188. 

Any  other  speed  (V  a)  for  any  other  given  I.H.P.  would  therefore 
be  found  from 

To  find  the  speed  of  Mazeppa  for  100  I.H.P.  we  should  therefore 
have 

V  a  =  k/^^^  =  7-386  knots. 

V  4o'4 

*  The  I  power  of  a  number  is  the  square  of  its  cube  root. 
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Prom  the  trials  made  with  Mazeppa  it  will  be  seen  that  her  speed 
was  a  little  over  8  knots  with  100  I.H.P. 

Similarly,  the  speed  for  any  other  displacement  (the  form  being 
similar)  wonid  be  approximated  from  the  same  expression,  but  as  no 
AGCoimt  would  be  taken  of  the  speed  due  to  the  altered  dimensions,  the 
result  would  probably  not  accord  with  practice.  One  example  will  suffice 
to  show  its  unreliability  for  general  use.  Fig.  134  shows  the  speed  curve 
of  the  yacht  Oriental,  as  constracted  by  Mr.  John  Inglis. 
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It  will  be  seen  that  with  306  I.H.P.  she  made  a  speed  of  11  knots; 
this  would  come  out  in  the  speed  formula,  using  Mazeppa's  co-efficient  of 
188,  as  follows.  Oriental's  displacement  being  266  tons: 

Speed  =  ^^^~:^p^  =  1M28  knots. 

266' 

This  is  a  very  close  approximation,  because  the  co-efficient  was  derived 
from  a  speed  when  the  ratio  of  its  growth  was  about  the  same  in  both 
vessels.      Tried  by  a   lower  speed,    with    100  I.H.P.,  and   the  result  is 
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7*68  knots;  whereas  Oriental,  as  will  be  seen  by  her  curve,  made  8^  knots 
with  100  I.H.P.  This  discrepancy  is  due  to  the  fact  that  the  resistance 
was  growing  in  a  much  less  ratio  at  8^  knots  in  Oriental  than  it  was  in 
Mazeppaat  11  ^  knots. 

Oriental's  own  co-efficient  for  11  knots  is  180,  and  for  11*5  knots 
this  would  give  an  I.H.P.  of  350,  whereas  the  direction  of  her  curve 
shows  it  should  be  nearer  375.  The  difference  is  due  to  the  fact  that 
at  11  knots  the  resistance  is  growing  at  a  higher  ratio  than  the  cube  of 
the  speed. 

The  formula  is  also  used  for  ascertaining  the  I.H.P.  required  for 
any  assigned  speed  and  displacement,  thus :  I.H.P.  =  — ^ — ,  or  for  the- 
same  vessel  the  I.H.P.  for  different  speeds  will  be  proportional  to  the* 
cubes  of  the  speed. 

ys*    -  -  =  the  required  I.H.P.  for  the  different  speed  V  a. 

But,  for  reasons  already  stated,  the  formula  is  only  to  be  trusted  when 
the  dimensions,  displacement,  and  form  are  similar,  and  when  there  is  no 
great  difference  in  the  projected  speed  and  the  speed  from  which  the 
co-efficient  was  abstracted. 

The  late  Professor  Rankine  introduced  a  formula  for  pre-determining 
the  engine-power  required  for  any  given  speed  based  on  the  area  of 
immersed  surface  and  Sine^  of  the  mean  angle  of  bow  entrance,  which  he 
termed  the  augmented  surface ;  but  the  rule  has  the  fault  common  to  the 
other ;  it  shows  too  great  a  resistance  at  low  velocities,  and  too  small  at 
high,  and,  moreover,  the  rule  is  likely  to  involve  an  error,  as  it  is  known 
as  a  fact  that  the  resistance  of  oblique  surfaces  varies  nearly  as  the 
sine  of  the  angle  up  to  30°  and  not  as  sine*. 

The  augmented  surface  is  computed  from  1  -|-  (4  x  sin.  ^)  -\-  sin.  ^ 
X  mean  girth  x  length  on  load  line.  The  I.H.P.  that  it  will  take  to 
drive  a  vessel  a  certain  number  of  knots  per  hour  is  then  computed  from 

-  __  _       Augmented  snrfaoe  x  Speed' 
I.H.P.  = ^^^^^ 

and  the  speed  for  any  given  indicated  horse-power  will  be 

I.H.P.  X  20000  u      *         J 

. T-^ — -z —  =s  cube  of  speed. 

Augmented  surfaoe 

20,000  is  the  '^  co-efficient  of  propulsion  '*  for  clean  painted  iron ;  for  clean 
copper  sheathing  the  co-efficient  is  greater,  being  as  much  as  21,802.  The 
"  co-efficient  of  propulsion ''  represents  the  number  of  square  feet  of 
augmented  surface  that  can  be  driven  at  one  knot  per  hour  by  one 
indicated   horse-power,   allowing   for   waste   of   engine-power.     This  co- 
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A  -   IB.P.and  Fr^surt 
B  —    Slfp  percent 
C  '^    jFuUccUed/  tkrast  wv  lAa 
D  -   CoefficterU  ^  -      ^ 
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efficient  varies  with  the  relative  efficiency  of  the  engines  and  the  conditions 
of  the  vessel's  bottom. 

The  probable  resistance  in  pounds  is  computed  from 

Beeistanoe  in  lb.  -  An^ented,8prfaoej<  Speedf 
100  (for  clean  paint). 

The  augmented  surface  rule  is  thus  applied.  In  the  first  place^  the 
sines  of  the  angles  of  greatest  obliquity  of  the  water-lines  are  obtained, 
and  this  will  be  done  by  drawing  tangents  from  the  points  of  inflection  in 
the  water-lines,  and  measuring  the  angles  made  by  those  tangents  with 
the  middle  line  of  the  half -breadth  plan  (see  Fig.  137). 

All  the  water-lines  will  be  treated  in  this  way.  As  only  the  sines  of 
the  angles  are  required,  the  angles  themselves  need  not  be  measured^  and 
the  sines  can  be  computed  thus  (Fig.  137)  :  divide  6  c  by  a  6  =  ^-|  =  sine 
of  the  angle  of  greatest  obliquity. 

The  mean  girth  of  the  vessel  will  be  obtained  by  measuring  the  girths 
of  the  various  sections  on  the  body  plan,  as  explained  farther  on. 

In  the  example  now  given,  the  calculation  applies  to  the  steam  yacht 
Xantha,  designed  by  Mr.  John  Harvey  to  attain  a  speed  of  11*5  knots  per 
2 
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hour;  her  length  was  105ft.  on  the  load  line;    19ft.  beam;  10ft.  draught 
of  water ;  and  180  tons  displacement. 


CO-EFPICIENT   OF   AUGMENTATION. 
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Co-efficient  =  1  -f  (4  x  -0371)  -f  -00213. 

•0371 
4^ 

•1484 
00218 

•15053 
1-00000 

1-15058  B  eo-effioient  of  augmented  serrioe. 

Mean  of  the  girths  » 22*78 

X  length  on  load  line 105 

113-90 

22^78 

2391-9 
X  co-effident  augmentation       ...  1^15 

119^595 
23919 
2891-9 

2750-685  =  angmented  surface  in 
square  feet. 

The  indicated  horse-power  on  the  trial  trip  was  24^,  which,  multiplied 
by  20,000,  the  co-efficient  of  propulsion  for  clean  painted  iron,  and  divided 
by  augmented  surface,  the  quotient  will  be  the  cube  of  the  speed. 

^"?i^^'^*  1745  -  cube  of  speed  «  1204 
2750-68  *^ 

According  to  this  rule,  the  Xantha  should  have  attained  a  speed  of  1 2*04 
knots  per  hour  on  her  trial :  the  actual  speed  made  was  11 '8  knots,  but  the 
discrepancy  would  have  been  greater  at  much  higher  or  lower  speeds. 

To  ascertain  the  indicated  horse-power  that  it  will  take  to  drive  a 
steam  vessel  a  given  speed,  the  calculation  will  be  thus  made.  Let  the 
given  speed  be  12*04  knots,  the  cube  of  which  is  1745 ;  then  1745, 
multiplied  by  the  augmented  surface  and  divided  by  20,000,  will  in  the 
.quotient  give  the  required  power : 

20,000 

Professor  Rankine  found  that  the  computation  of  speed  under  his  rule 
might  frequently  be  falsified  by  results,  mainly  owing,  when  the  speed 
attained  fell  short  of  that  computed,  to  defects  either  in  shortness  or 
fulness  of  the  after  body,  and  he  formulated  a  correction  to  be  added  to 
ithe  augmented  surface  in  the  case  of  such  defects.  But  the  formula  for 
he  correction,  as  it  stands,  gives  anomalous  results. 

For  computing  the  resistance  in  pounds  avoirdupois.  Professor  Rankine 
supplied  the  following  rule :  Multiply  the  augmented  surface  by  the  square 
.of  the  speed  in  knots,  and  divide  the  products  by  100 ;  the  quotient  will  be 
;the  resistance  in  pounds.     Applying  this  rale  to  the  Xantha,  we  have 

2750  Mii-8)'^  38221b. 
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This  rule  is  based  on  the  assumption  tbat^  at  speeds  of  10  knots^  the 
resistance  is  lib.  per  square  foot  of  augmented  surface^  and  that  at  other 
speeds  it  varies  as  the  square  of  the  speed. 

The  general  conclusion  with  regard  to  this  rule  is  that  for  speeds  up 
to  the  wave-making  period  it  would  be  safer  to  take  the  actual  immersed 
surface.  The  surface  per  I.H.P.  varies  from  3  sq.  ft.  to  20  sq.  ft.  in 
yachts,  according  to  the  I.H.P. 

In  making  comparisons  for  speed,  it  would  always  be  better  to  first 
.ascertain  the  "  corresponding  speeds ''  of  the  vessels  concerned  (see 
page  164).  Say  a  yacht  is  to  be  built  of  similar  form  and  of  dimensions 
proportional  to  Oriental,  whose  speed  can  be  fixed  at  11  knots.  The 
water-line  length  of  Oriental  is  124* 3ft.,  and  that  of  the  assumed  vessel 
.can  be  put  at  132ft.,  and  her  corresponding  speed  will  be 

a/^  X  11  =  11-34  knots. 

V   124*8 

It  took  300  I.H.P.  to  drive  the  yacht  11  knots,  and  accordiug  to  the 
*^  corresponding  speed  "  theory  it  would  take  866  I.H.P.  to  drive  the  larger 
vessel  11*34  knots,  thus : 

By  the  formula  given  on  pages  293  and  297  (using  Orientars  co- 
.^fficient  of  180  for  11  knots)  the  I.H.P.  for  the  enlarged  Oriental  would 
be  376,  a  sufficiently  near  approximation  for  such  speeds  and  closeness  in 
size.  The  difference  in  the  results  is  consequent  on  the  fact  that  in  the 
common  speed  formula  the  fact  is  not  provided  for  that  for  equal  speeds 
the  larger  "  similar  ship  '*  is  experiencing  a  smaller  ratio  in  the  growth 
.of  resistance  than  the  other  is;  and  at  the  corresponding  speed  only 
.does  the  ratio  become  equal. 

If  it  were  sought  to  build  a  yacht  very  much  smaller  than  Oriental, 
say  80ft.  long,  but  on  her  lines,  the  speed  corresponding  to  Oriental's 
11  knots  would  be 

^^        =  8-9  knots. 

The  I.H.P.  required  to  drive  this  smaller  Oriental  8*9  knots  would  be 


806 


=  92  LH.P. 


\   80    ^ 

An  example  of  the  general  correctness  of  this  method  of  comparison  is 
:  afforded  by  the  Primrose  (although  she  is  not  exactly  similar  in  form  to 
'Oriental)  77ft.  on  the  water-line,  and  67  tons  displacement,  she  having 
.  attained  a  speed  of  8*9  knots  with  93  I.H.P. 
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These  comparisons,  it  should  be  noted,  are  made  when  the  resistance 
is  growing  in  a  faster  ratio  than  the  cube  of  the  speed,  and  if  it  were 
sought  to  ascertain  what  I.H.P.  it  would  take  to  drive  the  -SOft.  yacht  to  a 
higher  speed — say  11  knots — ^an  approximate  estimate  would  be  derived 
from 

11*  X  I.H.P.  _  T  XT  T>   _  14641  X  93  _  oo(\  T  TT  P 

g:^^—  =r  I.H.P.  =  —^^^ 220  I.H.P. 

This  estimate  is  probably  a  little  over  the  mark,  but  it  serves  to  show 
the  enormous  eaqpenditure  of  power  required  to  overcome  the  resistance 
shortly  after  the  wave-making  period  commences. 

This  is  particularly  noticeable  in  comparing  small  vessels  with  large, 
as  when  the  former  are  commencing  to  feel  sensible  resif^iance  from  wave- 
making,  the  large  vessels  would  be  experiencing  frictional  resistance  only. 
A  comparison  can  be  made  with  the  following  three  yachts : 


Lengfth  of  water  line  

Breadth    

Draught   

Displacement  

Wetted  surface 

I.H.P.  for  speed  of 5     knots 

6 

7 

8        „ 

9        ., 

10        „ 

, .    11-5     „ 

I.H.P.  per  100ft.  wet  surface  at    S        „ 

»j  »j  "        »' 

8        ,. 

10        ., 


Mazkppa. 

Orikntal. 
124ft. 

PUMBOSI. 

148ft. 

77ft, 

22ft. 

20-lft. 

15ft.  Sin. 

10ft.  2in. 

10ft.  2in. 

6ft. 

316  tons. 

266  tons. 

67  tons. 

3785  sq.  ft. 

2755  sq.  ft. 

1084  sq.  ft. 

40 

24 

15 

55 

35 

24 

76 

54 

37 

100 

82 

56 

140 

126 

101 

196 

196 

152 

306 

306 

220 

375 

375 

— 

105 

0-90 

1-40 

1-40 

1-20 

2*20 

2-60 

800 

5-60 

510 

713 

14-00 

No  doubt  at  six  knots  Primrose  would  already  be  feeling  some  slight 
resistance  from  wave-makings  and  at  the  lower  speed  her  frictional  resistance 
would  be  somewhat  in  excess  of  that  of  the  other  two  from  causes  explained 
on  page  119. 

At  six  knots  the  Oriental  and  Mazeppa  have  about  equal  I.H.P.  per 
100ft.  of  surface,  but  after  passing  that  speed  it  will  be  seen  that  Oriental 
required  a  much  greater  allowance ;  in  short,  with  27  per  cent,  less 
area  of  immersed  surface  she  took  exactly  the  same  horse  power  as 
Mazeppa  at  10,  11,  and  11*5  knots.  This  will  show  the  unreliability 
of  the  Y^^a^aoe  *®®*  ^^  efficiency,  except  for  speeds  when  there  is 
absolutely  no  wave  making. 

Most  of  the  speed  formulae  which  have  been  dealt  with  are  open  to 
the  objection  that  they  assume  in  one  common  term  that  the  efficiency  of 
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the  ship,  the  engine,  and  tlie  propeller  have  a  constant  value,  and  that 
the  resistance  must  be  as  the  square  of  the  speed  and  the  I.H.P.  as 
the  cube.  It  has  already  been  pointed  out  that  the  growth  of  the  resistance 
does  not  vary  uniformly  as  the  square  of  the  speed,  and  it  remains  to 
be  shown  that  the  speed  formulae  may  make  it  appear  to  grow  in  a  much 
larger  ratio  than  it  really  does  at  high  speeds,  owing  to  the  varying 
efficiency  of  the  engine  and  of  the  propeller  in  relation  to  its  frictional 
resistance  and  slip. 

As  already  said,  it  has  been  assumed  that  the  I.H.P.  is  a  force  of 
uniform  effective  value :  that  is  to  say,  that  the  power  utilised  in  over- 
coming a  vessels  resistance  always  bears  the  same  relation  to  the  work 
done  in  the  cylinders,  no  matter  what  the  description  of  engine.  This, 
however,  is  by  no  means  the  true  state  of  the  case,  and  the  useful  work 
done  in  overcoming  a  vessels  resistance  varies  very  considerably  in  relation 
to  the  total  work  done  by  the  machinery.  The  late  Mr.  Froude  estimated 
that  not  more  than  from  38  to  40  per  cent,  of  the  indicated  horse  power 
was  employed  in  propelling  a  vessel.* 

This  conclusion,  however,  was  arrived  at  some  time  ago  from  investi- 
gations carried  on  with  very  large  ships  and  engines,  and  there  is  no 
doubt  that,  so  far  as  the  most  modem  yachts  are  concerned,  a  very 
much  larger  percentage  of  the  I.H.P.  is  utilised,  reaching  even  higher 
than  60  per  cent,  of  the  total  in  well  designed  and  engined  steam 
yachts. 

Mr.  Isherwood,  of  the  United  States  Navy,  made  some  experimental 
trials  in  this  respect  with  the  yacht  Lookout,  of  about  100  tons  O.M.,  and 
the  results  were  published  in  the  Journal  of  the  Franklin  Institute  in  1881. 
The  experiments  were  mainly  made  to  ascertain  the  effect  of  different 
propellers  on  the  efliciency  of  the  engines,  and  if  the  method  of  analysing 
the  results  was  not  quite  satisfactory,  they  are  to  a  large  extent  instructive. 

The  dimensions,  &c.,  of  the  Lookout  were  as  follows  : 

HULL. 

Length  on  water  line  to  aft  side  stempost    96ft. 

Breadth  on  water  line 13ft.  6in. 

Extreme  breadth  16ft. 

Extreme  draug^ht  of  water  aft 4ft.  Tin. 

Area  of  mid-seotion 25*28  sq.  ft. 

Displacement 42'87  tons. 

ENGINE. 

Diameter  of  the  small  cylinder  12iu. 

Diameter  of  the  large  cylinder   20in. 

Stroke 16in. 

•  Vide  Transactions  of  the  Institution  of  Naval  Architects,  1876. 
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BOILER. 

Diameter    7ft. 

Len^   8ft. 

Diameter  of  the  furnaces  (two)  2ft.  4in. 

Leogth  of  the  grates    5ft. 

Area  of  grate  surface  23^  i-q.  ft. 

Heating  surface 519  Bq.  ft. 

Cross  area  of  all  the  tubes 3'14  sq.  ft. 

State  room 94-54  cu.  ft. 


SCREW. 


Designation 

of 
the  screws. 


A 
B 
D 
E 


DianK'ter  In 
feet. 


4-6458 
50000 
5  0000 
50000 


Pitch  in 

feet. 


8-400 
7-500 
8-625 
9000 


Xo  of     '    Greatest  length  of 
Ki.H^o  screw  in  feet  in 

Diaaes.    ^    direction  of  axis. 


0-9167 
11875 
0-4461 
0.8125 


Area  of  blade 
snrface  in 
square  feet. 


7-9447 

13-5266 

5-3470 

9-3407 


RESULTS   OF  EXPERIMENTS. 


Screw. 


d 


Speed  of  the  vessel  per  hour,  in  knots  

Slip  of  the  screw,  in  per  cent,  of  its  speed    

Thrust  of  the  screw,  in  pounds  

Revolutions  of  the  screw  per  minute     

Indicated  pressure  on  the  piston,  in  pounds  per 

square  inch    

Indicated  horse  power    

'  Horse  power    expended    in   working   the 

engine,  per  ae    

Net  horse  power  applied  to  the  crankpin 
Horse  power  absorbed  by  the  friction  of 

the  load     

p<    S    Horse  power  expended  in  overcoming  the 
S    ^  I      resistance  of  the  water  to  the  surface 

o  of  the  screw  blades 

^         I  Horse  power  expended  in  the  slip  of  the 

^         I      screw 

g  Horse  power  expended  in  the  propulsion 

^  of  the  vessel 

Per  cent,  of  the  net  horse  power  appli<^d 
to  the  crankpin,  absorbed  by  the  friction 

of  the  load    

Per  cent,  of  the  net  horse  power  applied 
to  the  crankpin,  expended  in  over- 
coming the  resistance  of  the  water  to 
the  surface  of  the  screw  blades. 
Per  cent,  of  the  net  horse  power  applied 
to  the  crankpin,  expended  in  the  slip  of 

the  screw 

Per  cent,  of  the  net  horse  power  applied 
to  the  crankpin,  expended  in  the  pro- 


Q    f^ 


I 


pulsion  of  the  vesssel 


B 


9-5341  100974 

24-4072  136772 

1650-9925  1851-0375 

152*3085  158*1988 


I 


E* 


21-9103 
84*4804 


5-5505 

4-4488 
15-6225 
48-3854 


I 


65-3797 


230038 
92-7090 


10-4737  '   10-9475 
74-0067  I   81-7615 


6*1321 

9-0767 

91025 

57-4502 


10-4190  I 
201542  I 
1970  5470  ! 
153-4601 

25-8904  ' 
100*5812 

10-5529  I 
900283 

6-7521  ' 


10-1929 

17-9739 

1909*3913 

140-0500 

26-8090 
950489 

9-6307 
85-4182 

6-4064 


I 


4-2398 
15-9291 
63-1073 


6  0107         111014  i        4-7094 


I 


211096         111330 


70-2656 


17-6934 
70-0972 


6-0816 
13-1081 
59*8218 


7-5000  I         7-5000  |        7*5000         7-5000 


7-1198 
15-3162 
70-0340 


**  It  should  be  noted  that  these  experiments  were  made  with  an  uucoppered  hull ;  the  hull 
was  subsequently  coppered,  and  an  experiment  with  the  E  propeller  showed  some  advantage  iu 
point  of  resistance,  but  the  limited  extent  of  the  gain  shows  that  the  uncoppered  hull  mtist  have 
had  a  very  good  surface. 
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Distribution  of  thb  Power  with  the  Hull  Coppered. 

TT/^MA  Tv/^nf  A..       P®*^  cent,  of  net 
Horsepower.        horae  power. 

Indicated  power  developed  by  the  engine    79'5393 

Power  expended  in  working  the  engine,  jpdr  «e   91 


Net  power  applied  to  the  orankpin  70*3128    or    1000000 

Power  absorbed  by  the  friction  of  the  load    5*2734  „  7*5000 

Power  expended  in  overcoming  the  reaiBtanoe  of  the  water 

to  the  surface  of  the  screw  blades    5*3474  „,  7*6051 

Power  expended  in  the  slip  of  the  screw 9  5507  ,/  13*5832 

Power  expended  ia  the  propulsion  of  the  vessel 50'  1413  „  7 1*31 1 7 

Totals   70*3128     or     100*0000 

From  the  foregoing  it  will  be  seen  that  Mr.  Isherwood  estimates 
70  per  cent,  of  the  work  done  by  the  engines  was  utilised  in  propelling 
the  vessel,  and  although  his  distribution  of  the  power  may  be  somewhat 
too  favourable  for  the  engine,  it  is  not  far  out.  The  different  screws  do 
not  appear  to  have  much  affected  the  efficiency  of  the  engines,  the  A  screw 
showing  the  greatest  variation. 

The  late  Mr.  Proude  devised  a  method  of  separating  the  engine  power 
taken  up  by  the  propeller,  from  the  gross  I.H.P.,  and  termed  the  result 
"Indicated  Thrust."  His  rule  for  estimating  this  thrust  is  the  mean 
piston  pressure  multiplied  by  the  piston  travel  per  revolution,  and  divided 
by  the  pit<;h  of  the  propeller.  "  This  is  the  thrust  which  the  propeller 
would  be  exerting  if  the  force  of  the  steam  were  employed  wholly  in 
creating  thrust  instead  of  partly  overcoming  friction,  driving  the  air 
pump,  and  overcoming  other  collateral  resistances." 

As  the  mean  piston  pressure  is  not  always  obtainable,  the  rule  was 
converted  to 

T    J-      i.   J  i.1.        4.  33,000  X  I.H.P. 

Indicated  thrust  =  ^^rrrr — b — r-r- 

Pitch  X  fievolutions. 

This  indicated  thrust  is  taken  as  equal  to  the  effective  horse  power 
(E.H.P.)  absorbed  by  the  resistance  of  the  vessel;  and  of  this  E.H.P. 
it  was  estimated  by  Mr.  Froude  that  0*4  of  it  went  to  overcome  the 
augmented  resistance  due  to  the  action  of  the  propeller  in  diminishing 
pressure  at  the  stern  (see  pp.  129  and  291)  ;  and  01  of  the  E.H.P.  to 
overcome  the  water  friction  on  the  screw  blades.  0-4  is  probably  much  too 
high  a  percentage  of  the  E.H.P.  to  set  down  for  augmented  resistance  for 
most  yachts,  and  probably  0*2  would  be  a  nearer  approximation  of  the  truth. 
It  is  quite  plain  from  a  study  of  the  table  on  page  304  that  there  must 
be  a  point  low  down  in  the  I.H.P.  curve,  as  shown  in  Fig.  138,  where  the 
friction  of  the  engine  due  to  the  working  load  would  prevent  any  real 
thrust  being  exerted.  In  constructing  thrust  curves  similarly  to  the 
I.H.P.  curves  this  became  apparent;  and  the  results  of  some  trials  made 
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by  Messrs.  Denny,  of  Dumbarton,  led  Mr.  Proude  to  devise  the  following 
method  for  graphically  illustrating  the  point  in  the  curve  where  there 
can  be  no  propulsive  thrust.  In  Pig.  138  the  curve  I  T  represents 
the  curve  of  indicated  thrust  for  the  yacht  Primrose,  calculated  for 
different  speed  by  the  above  formula.  The  '^  spots  *'  in  the  curve 
read  at  right  angles  (see  A)  to  the  base  line  show  the  speed,  and 
at  right  angles  (see  B)  to  the  side  perpendicular  they  show  the  indi- 
cated thrust  in  pounds.  The  curve  I  T,  it  will  be  seen,  is  calculated 
down  to  four  knots,  and  the  line  h  h  m  represents  the  constant  frictional 
load  of  the  engines  themselves.  This  line  of  constant  friction  is  thus 
found.  Prom  the  point  a  cut  off  a  parabolic  segment  of  convenient  length 
as  to  c ;  bisect  a  c  {i.e.,  divide  equally)  at  b ;  through  a  b  draw  a  d,  then 
draw  a/,  making  the  angle  a  df  equal  to  angle  a  d  e.  a  /  is  the  tangent 
of  the  curve  at  the  point  a.  Produce  a  f  to  g,  and  draw  a  o  at  right 
angles  to  the  base  line ;  divide  o  a  in  the  proportion  1  :  *87  as  at  i ;  draw 
{  h.  Produce  h  m  through  h  and  parallel  to  the  base  line  as  the  line  of 
marking  the  part  of  the  I.H.P.  to  cut  off  for  constant  friction.  The  line 
h  %  indicates  the  point  in  the  curve  when  there  could  be  no  thrust  or 
speed.     See  also  diagram  for  Cressida,  page  299. 

The  I.H.P.  curve  is  put  in  merely  to  compare  its  character  with  the 
I  T  curve ;  and  it  will  be  noted  that  its  power  scale  is  different  from  the 
I  T  scale. 

The  I  T  curve  of  Primrose  shows  a  rapid  gain  in  thrust  as  the 
speed  advances  from  five  to  nine  knots ;  but  the  I.H.P.  curve  is  growing 
still  faster,  and  shows  that  there  must  be  some  loss  due  to  increased 
propeller  slip  and  decreased  engine  efficiency  as  the  number  of  the 
revolutions  increase.  StiU,  the  curves  are  close  in  character,  and  compare 
favourably  with  the  thrust  and  I.H.P.  curves  for  larger  yachts  and  engines. 
It  will  be  noted  that  the  I.H.P.  and  I T  curves  of  the  steam  yacht  Cressida, 
shown  on  page  299,  are  very  similar  in  character  to  the  much  smaller 
vessel  Primrose,  and  this  similarity  will  generally  be  found  to  exist. 

Mr.  Proude  resolved  "indicated  thrusf  into  its  several  elements  as 
follows:  "1.  Useful  thrust  equal  to  the  ship's  true  resistance.  2.  The 
augment  of  the  resistance  due  to  the  action  of  the  propeller  on  the  closing 
in  water  around  the  stem.  3.  Friction  of  the  water  on  the  blades  of  the 
propeller.  4.  Friction  of  the  engine  parts.  5.  Increased  friction  of  the 
engine  parts  due  to  its  load.     6.  Air  and  feed  pump  work." 

"  2,  3,  and  4  are  nearly  proportional  to  1  (the  useful  thrust) ;  6  to  the 
square  of  the  revolutions ;  5  constant  at  all  speeds." 

For  further  comparison  the  following  tables  concerning  some  well- 
knovm  steam  yachts  can  be  referred  to. 
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PBIMBOSE. 


Speed 
In  knots. 


Speed 
of  screw 
in  knots. 


Bevolu- 
tions. 


SUp 
percent. 


LH.P. 


Indicated 
thmstin 
pounds. 


Power  of  speed  to  ' 
which  LH.P.  is  I 
proportional.  | 


Power  of  speed  to 
which  Indicated 
fhnuit  is  proper- 


5-5 

7-8 
8-9 


6-35 

9-25 

1116 


103  13-3 

150  15-7 

181      '      20-2 


19-4  1002 

53-3  1890 

930  2735 


Cnbe 
4th  power 


Square 
2-8  power. 


ORIENTAL. 


7 

7-93 

80-5 

12 

53 

2172       ! 

8-3 

9-57 

97 

13 

95 

3232 

2*5  power 

Square 

1-2 

14-40 

1 

146 

22-2 

330 

7459 

4th  power 

2-8  power 

MAZEPPA. 


6 

710 

60 

15-5 

55 

2563 

8 

9-47 

80 

15-5 

100 

3437 

Square 

As  simple  speed 

10 

11-84 

100 

15-5 

200 

5500 

Cnbe 

Sqnare 

11-5 

14-20 

120 

190 

375 

8250 

4*4  power 

2-9  power 

MALIKAH. 


7-4 
9-5 
10-2 
11-2 
121 
12-4 


7-69 

60 

3-9 

ee 

10-20 

80 

70 

163 

11-50 

90 

11-3 

204 

12-80 

100 

12-5 

280 

13-50 

106 

11-0 

361 

14.70 

114-5 

15-6 

441 

2792 
5174 

5980 
7107 
8646 
9790 


Cube 

Cnbe 

Cnbe 
4th  power 
5th  power 

Sqnare 
Sqnare 
Sqnare 
Cnbe 
4th  power 

Leng^th  on  water  line 

Beam   

Draught  of  water  

Diaplaoement 

Area  of  immersed  surface. 
Diameter  of  propeller    ... 

Pitch  of  propeller  

Surface  of  all  blades 

Number  of  blades  , 


Pbimrobb. 


77ft. 
15-5ft. 

6ft. 

67  tons. 

1084  sq.  ft. 

4-6ft. 

6-25ft. 

6-25  sq.  ft. 

4 


OBIKNTUi. 


124-4ft. 

201ft. 

10-2ft. 

266  tons. 

2755  sq.  ft. 

7ft. 

10ft. 
13-5  sq.  ft. 


Hazbppa 


148ft. 

22ft. 

10-2ft. 

316  tons. 

3785  sq.  ft. 

12ft. 


Maukah. 

144ft 

21-5ft. 

10-3ft. 

328  tons. 

8-75ft. 

13ft 

23-2  sq.  ft 

4 


The  value  of  measured  mile  trials  is  often  questioned,  but  there  can 
be  no  doubt  that  without  such  trials  the  information  available  for  experi- 
mental purposes  would  not  be  sufficiently  definite  or  exact.  In  the  Royal 
Navy  it  is  the  practice  to  make  three  runs  with  the  tide  and  three  against 
and  take  the  mean  of  the  six  runs  as  the  true  speed  or  the  '^mean  of 
means.''  Thus,  to  get  sufficient  speeds  to  make  a  progressive  trial,  a  great 
many  runs  have  to  be  made,  and  the  time  occupied  will  be  considerable. 

However,  providing  a  time  be  chosen  at  about  slack  water,  better 
results  can  be  obtained  by  a  pair  of  runs  than  from  three  pairs  in  tidal 
streams  of  unequal  velocity,  as  will  appear  from  the  results  of  the  trial 
trip  of  the  steam  yacht  Celia,  given  below.  But  even  if  the  current 
were  of  uniform  velocity,  it  might  still  slightly  affect  the  I.H.P.  and  the 
speed  performance,  as  it  is  an  observed  fact  in  the  numberless  measured 
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mile  trials  of  the  ships  of  the  Royal  Navy,  that  when  running  with  the 
stream,  a  sensibly  greater  number  of  revolutions  are  made  for  the  same  boiler 
pressure  than  when  running  against  stream.  This  can  only  be  accounted 
for  by  the  fact  that  a  tidal  stream  always  has  a  gradient  in  the  direction 
of  its  course,  although  it  may  only  be  .2oloo>  ^^^  *^^^  would  tend  to  give  the 
vessel,  by  her  own  weight,  motion  through  the  water,  and  thus  help  the  screw, 
small  though  it  would  be ;  and  the  growth  in  the  resistance  would  prevent 
any  speed  of  the  vessel  due  to  the  gradient  going  on  increasing  indefinitely. 

MsAsusKD  Mils  Trials  of  the  Stkam  Yacht  Celia. 
Bnns.       Knots.  Ist  meant.         tod  meant.         8rd  meant.       4th  means.  Mean  of  means. 

^'  ^'^^    ^^  9-74      . 

2.  10.28    )  )      ill     }  9.69      >  Q.fift      "i 

3.  901    >  j      l^ll     >    )      9-67     )  >      Q.^,       )      9-64     )     q-aq  f„,a  .n««^ 

4.  10-36   i  )      til     )    >      9-56      \)      ill      )      9-62      >     9  63  true  speed. 

5.  8-48   >  )      ^.^2      t  9.g3      ^  9  60       ^ 

6.  1119    >  9»J      ^ 


6)58*51  4)38-55 


9*75  ordinary  mean  9*64  ordinary  mean  of  second 

speed.  means. 

It  will  be  seen  that  the  5th  and  6th  runs  were  made  as  the  current 

began  to  grow  in  strength,  and  in  reality  the  first  four  runs  would  give 

the  truest  result,  as  follows  ; 


9*68  true  mean  speed. 


yuiB. 
1. 

2. 

9*19 
10-28 

!, 

9*74 
9-64 
9*69 

s 

9*69 

7 

3. 

4. 

901 
10-36 

> 

9*67 

3 

4)38-84 


9*71  ordinary  mean  speed. 

In  ordinary  practice,  if  the  trial  is  made  in  slack  water,  the  mean  of 
two  runs  would  be  taken  as  suflSciently  accurate. 

Prior  to  going  on  the  mile,  the  fires  should  be  got  into  good  condition, 
so  as  to  obviate  the  necessity  of  stoking,  and  a  steady  head  of  steam 
should  be  maintained  all  through.  Also  the  revolutions  should  be 
counted  over  four  or  more  minutes,  according  to  the  duration  of  the  run 
and  the  mean  taken  for  calculating  the  I.H.P.  A  common  practice  is  to 
go  on  the  mile  when  the  stokers  have  got  a  good  head  of  steam ;  and  then 
to  admit  full  steam  into  the  cylinders,  diagrams  being  meanwhile  taken, 
and  the  revolutions  counted.  If  the  boiler  is  not  capable  of  continuously 
making  the  steam  which  the  cylinders  will  take,  the  pressure  drops,  there 
is  then,  of  course,  a  smaller  I.H.P.,  and  the  last  part  of  the  mile  is  done  at 
a  much  slower  rate  than  the  first  portion.  This  may  not  matter,  so  far  as 
the  I.H.P.  is  concerned,  and  the  makers  of  the  engines  may  consequently 
be  satisfied ;  but  not  so  the  builder  or  designer  of  the  vessel,  as  the  result 
will  apparently  indicate  that  the  vessel  is  a  bad  one  to  drive. 


312  Yacht  Arehiteeture. 


If  the  contract  with  the  builders  of  the  engine  has  been  for  so  mach 
I.H.P.,  the  result  might  also  be  influenced  by  the  smallness  of  pitch  and 
surface  of  the  propeller^  as  high  piston  speed  means  high  I.H.P.^  as 
calculated  from  the  diagrams  and  number  of  revolutions^  but  it  may  also 
mean  poor  efflciency  so  far  as  the  engines  are  concerned.  In  such  a  case, 
the  inefficiency  of  the  engine  and  propeller  would  be  discovered  by  a  curve 
of  indicated  thrust.  The  I.H.P.  would  be  found  to  increase  to  a  very  high 
power  of  the  speed,  whilst  the  thrust  increased  at  a  low  power ;  or,  say 
the  I.H.P.  increased  as  the  fourth  power  of  the  speed,  the  thrust  might 
only  increase  as  the  square  (see  page  307,  Ac).  Some  loss  of  thrust  will, 
however,  always  appear  at  the  higher  speeds,  as  the  slip  increases  with  the 
increase  in  the  revolutions. 

If  the  engineers  design  and  build  the  vessel  as  well  as  the  engines, 
a  certain  speed  might  be  contracted  for ;  but  it  is  essential  that  proper 
precautions  should  be  taken  to  insure  that  the  whole  of  the  machinery  is 
suitable  for  sustaining  the  given  speed  for  any  length  of  time,  and 
economically,  and  not  by  means  of  a  small  engine  with  a  large  boiler  and 
grate  area,  perhaps  farther  assisted  by  the  steam  blast. 

If  the  contract  be  for  so  many  revolutions  of  a  propeller  of  a  certain 
diameter,  pitch,  blade,  area,  &c.,  the  trial  should  be  of  three  or  four  hours 
duration ;  and  it  would  be  also  necessary,  as  in  the  other  case,  to  stipulate 
for  a  boiler  and  machinery  likely  to  do  the  work  efficiently  and  economically. 

The  term  '^ auxiliary  steam  yacht"  seems  almost  a  misnomer  at  the 
present  time,  as  the  steam  power  put  in  is  usually  capable  of  driving  the 
yacht  at  a  speed  at  least  four-fifths  of  that  of  a  yacht  of  similar  size  which 
is  provided  with  ^^  full  steam  power."  In  the  case  of  full  rigged  yachts 
which  can  steam  from  nine  to  eleven  knots  an  hour,  it  may  at  times  be  a 
question  whether  the  use  of  steam  will  increase  the  speed ;  or,  if  the  yacht  be 
already  under  steam,  if  setting  her  sail  will  increase  her  speed,  and  to  what 
extent.  It  would  be  impossible  to  make  a  precise  computation  of  this,  as  the 
propulsive  power  of  sail  is  not  amenable  to  calculation,  but  the  following 
table  has  been  compiled  from  observed  results  as  an  approximation : 

■p.#i«  «#  «««^  .,»ii4.«  Then  the  probable  speed  under 

lUtio  of  speed  undw  ^j  ^,^^^0,  to«eS«r  will 

0-5  1-04 

0-7  110 

10  1-25 

1-3  1-47 

1-5  1-64 

1-7  1-81 

2-0  2-08 

According  to  the  foregoing,  if  a  yacht  can  steam  at  the  rate  of,  say, 
nine  miles  an  hour,  and  if  there  is  a  beam  wind  which  will  enable  her  to 
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sail  at  tliat  rate  witliout  steam^  tlien  her  speed  would  be  increased  one- 
fourtli  by  the  use  of  steam  and  sail  together,  or  9  x  1*25  =  11*25  knots. 
The  increase  of  speed  would,  of  course,  depend  upon  the  growth  of  the 
resistance  of  the  yacht  at  the  assumed  speed  of  nine  knots. 

Or,  suppose  the  speed  under  sail  to  be  ten  knots,  and  the  speed  under 
steam  to  be  five  knots,  then  the  speed  under  sail  and  steam  combined  will 
be  5  X  2*08  =  10'40  knots.  This  shows  that  the  application  of  what 
originally  was  understood  as  auxiliary  power  was  of  very  little  use  in 
increasing  the  speed,  except  in  very  light  winds,  when  the  speed  under 
sail  would  be  low,  say  five  knots,  then  the  gain  would  be  one-fourth,  or 
5  X  1-25  =  6-25  knots. 

When  steam  yachts  are  designed  for  sailing  without  the  aid  of  their 
steam  power,  it  is  an  advantage .  to  have  them  fitted  with  "  feathering 
screws'^ — that  is,  screws  whose  blades  can  be  turned  in  the  boss,  so 
that  they  come  edgeways  in  the  line  of  motion.  Various  methods  for 
feathering  have  been  patented,  but  the  one  in  most  general  use  is  that 
known  as  Bevis's. 

If  the  propeller  does  not  feather,  it  should  be  made  to  lift  or  disconnect, 
so  as  to  revolve  freely.  A  plan  for  lifting  the  screw  was  largely  adopted  in 
the  early  days  of  screw  propulsion,  but  it  is  seldom  resorted  to  now.  But, 
even  with  the  propeller  disconnected  and  rotating  freely,  it  adds  to  the 
resistance  very  considerably,  estimated  by  Mr.  Froude  at  0*1  of  the  ship^s 
total  resistance  at  ten  knots  in  the  case  of  H.M.S.  Greyhound;*  and  this 
is  borne  oat  by  the  experiments  made  by  Mr.  Isherwood,  described  on 
pag'e  306.  If  the  blades  are  simply  feathered  they  will  not  offer  so  much 
resistance,  as  the  friction  from  them  will  not  be  so  great  as  when  rotating ; 
and,  on  the  whole,  this  is  the  most  satisfactory  arrangement  at  present  in 
use  to  get  over  the  difl&culty  of  the  propeller  when  under  sail  alone.  If 
the  propeller  has  only  two  blades  it  should  be  kept  parallel  to  the  sternpost, 
not  across  it;  and  if  there  are  four  blades,  two  of  them  should  be  so 
arranged.  The  engineer  must,  of  course,  know  the  position  of  the  blades 
in  relation  to  the  shaft  crank. 

In  designing  a  steam  yacht  the  naval  architect  must  exercise  great 
care  in  providing  sufficient  displacement  for  the  coal  it  is  considered 
desirable  to  carry,  and  also,  in  the  case  of  an  auxiliary  steam  yacht,  of 
the  ballast.  As  a  rule  the  latter  have  more  beam  than  the  ordinary  steam 
yacht,  and  greater  under  water  depth,  and  they  are  consequently  steadier 
in  a  sea,  providing  they  are  not  over  sparred.  At  low  speeds  they  are  as 
economical  to  drive,  and  their  chief  advantage  is  for  ocean  voyages,  and 
they  have  achieved  some  very  remarkable  runs. 

*  Vide  "  Transaotiozis  of  Institution  of  Nayal  Architeots/'  1876. 
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The  Lancashire  Witch,  entirely  under  canvas,  did  the  distance  (4458 
miles)  from  the  Falkland  Islands  to  Natal  in  twenty- three  days,  the  greatest 
run  being  259  miles ;  and  she  did  the  distance  from  Yokohama  (4400)  also 
in  twenty-three  days,  her  greatest  run  being  again  295  miles  in  twenty-fonr 
hours;  and  she  did  the  whole  distance  from  Tahiti  to  Liverpool  (11,030 
miles)  under  canvas,  in  seventy -nine  days,  having  covered,  owing  to  head 
winds.  12,230  miles.  The  Sunbeam,  in  her  voyage  round  the  world,  covered 
35,450  miles,  and  out  of  this  distance  20,400  were  done  under  canvas, 
without  steam ;  she  also,  like  Lancashire  Witch,  did  many  good  runs  under 
canvas,  having  on  one  occasion  logged  299  miles.  The  Sunbeam's  best 
day's  steaming  was  230  miles,  and  Lancashire  Witch's  216. 

The  advantage  of  an  auxiliary  may  be  therefore  very  considerable  in 
extended  voyages  where  the  trade  winds  can  be  made  use  of,  and  even  in 
head  winds  if  she  be  a  fairly  weatherly  vessel. 

In  the  case  of  either  an  auxiliary  or  a  full  steam  yacht,  it  is  of 
importance  that  the  coal  should  be  carried  amidships ;  and  often  to  efPect 
this  a  large  athwart-ship  bunker  is  provided  amidship  in  order  that  the  coal 
may  be  used  from  about  the  centre  of  buoyancy.  Occasionally  bunkers  are 
provided  under  the  cabin  floor  to  help  trim  the  vessel,  and  this  is  often 
necessary  when  the  engines  are  placed  abaft  the  centre  of  buoyancy. 

In  apportioning  power  to  an  auxiliary  steam  yacht,  it  is  important 
that  the  coal  consumption  should  be  considered,  as  putting  in  enough 
power  to  obtain  another  knot  an  hour  speed  may  entail  a  serious  demand 
on  the  internal  space  of  the  yacht  and  an  addition  to  the  daily  consumption, 
which  would  necessitate  either  an  increase  in  the  size  of  the  bunkers  if  long 
voyages  had  to  be  made,  or  frequent  coaling  for  coast  work  if  the  bunkers 
were  of  small  capacity.  An  auxiliary  steam  yacht  of  350  tons  would  be 
supplied  with  machinery  capable  of  developing  300  I.H.P.,  and  that  power 
would  drive  her  at  the  rate  of  about  10  knots  an  hour.  With  ordinary  two- 
cylinder  engines  and  a  working  boiler  pressure  of  1001b.,  the  coal  consump- 
tion would  be  about  l*81b.  per  I.H.P.  per  hour.  The  bunker  capacity 
would  be  about  80  tons,  and  if  the  yacht  were  driven  at  10  knots  the  coal 
would  last  fourteen  days,  and  the  yacht  would  cover  3360  miles  in  that  time. 

It  would,  however,  be  more  likely  that  the  yacht  wouW  not  be  driven 
faster  than  9  knots,  which  would  require  about  218  I.H.P.  In  this  case 
the  coal  would  last  nineteen  days  and  enable  the  yacht  to  cover  4100  miles. 
In  this  case  the  cost  per  mile  in  coal  would  be  451b. ;  but  if  the  speed  had 
been  10  knots  531b.  of  coal  would  have  been  used  for  each  mile  travelled. 
At  8  knots  the  yacht  would  steam  4950  miles  in  25  days  15  hours,  at  a  cost 
of  361b.  of  coal  per  mile  steamed.  These  figures  have  been  proved  in 
actual  practice. 
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The  saving  in  coal  by  using  steam  of  1 601b.  pressure  as  against  steam  of 
1001b.  is  from  15  to  20  per  cent.,  or,  say,  about  one  sixth.  The  steam  in 
this  case  would  be  in  three  cylinders,  according  to  what  is  popularly  called 
the  triple  expansion  system.  If  the  auxiliary  yacht  were  fitted  with  such 
engines  of  300  I.H.P.,  and  driven  at  10  knots,  her  80  tons  of  coal  would 
last  16  days  8  hours,  and  she  would  cover  3920  miles  in  that  time.  If 
driven  at  nine  knots  the  coal  would  last  22  days  4  hours,  and  the  yacht 
would  cover  4800  miles  in  that  time.  The  cost  per  mile  in  coal  at 
9  knots  would  be  37'31b.,  and  at  10  knots,  451b.  per  mile,  at  8  knots 
an  hour  the  yacht  could  steam  5775  miles  on  a  consumption  of  coal 
of  301b.  per  mile  covered,  the  time  occupied  in  traversing  the  distance 
being  thirty  days.  The  triple  expansion  engine  therefore  shows  to 
great  advantage  for  ocean  steaming,  and  the  actual  saving  in  coal  bill 
expenses  might  be  considerable  in  out  of  the  way  places  where  coal  is  21. 
or  SI.  per  ton. 

In  a  voyage  made  by  the  auxiliary  steam  yacht  Marchesa  to  South 
America  and  the  West  Indies  in  1878,  careful  coal  consumption  tests  were 
made.  The  working  pressure  was  701b.,  and  the  greatest  I.H.P.  230, 
which  gave  about  9*3  knots  an  hour.  The  bunker  capacity  was  80  tons, 
and  the  results  of  the  observations  made  were  as  follows  : 


Goal  burnt  Speed 

per  24  hours.      '         per  hour. 


8  tons.  8    knots. 

4  tons.  8f  knots. 

5  tons.         I       9^  knots. 


Coal  would  laet.  ^°t!Sl^*^       Coal  per  mile. 


26  days  14  hoars.      5104       d5lb. 
20  days.  4200       431b. 

16  days.  3552        511b. 


Thus,  by  burning  3  tons  of  coal  per  day  instead  of  5  tons,  the 
Marchesa  could  steam  1552  miles  farther,  and  would  only  be  ten  and 
a  half  days  longer  over  the  greater  distance.  It  will  thus  be  seen  that 
great  knowledge  and  judgment  are  necessary  in  designing  and  providing 
an  auxiliary  yacht  with  steam  power,  and  in  using  it.  But  it  is  no  less 
important  in  a  full  power  steamer,  as,  though  the  alteration  of  trim 
due  to  coal  consumption  may  not  be  such  a  serious  matter  for  her; 
yet  it  may  happen  to  be  of  the  greatest  importance  that  the  economical 
speed  should  be  known,  if  the  yacht  is  short  of  coal  and  far  from  a 
coaling  station.  It  may  be  thought  that  the  proper  course  would  be  to 
drive  the  yacht  as  fast  as  possible,  and  reach  the  coaling  place  in  the 
shortest  time  ;  but  this  may  only  result  in  the  yacht  being  unable  to  reach 
her  port  at  all. 

A  modem  fast  steam  yacht  of  about  500  tons  and  600  I.H.P.  would 
haye  an  average  speed  of  about  13  knots,  and,  say,  a  bunker  capacity  of 
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100  tons;  and,  with  the  daily  consumption  set  forth  in  the   tables,  she 
would  steam  at  the  following  rate  and  distances  : 


Coal  bamt 
per  34  hours. 

Speed 
per  hoar. 

Coal  would  last. 

Total  miles        r^^,  ,^,  ^„^ 
■teamed.        ^*^  P"  ""•• 

8  tons. 
4i  tons. 

10  tOD8. 

8  knotB.             33  days  6  honi!lB» 
10  knots.             22  days  2  honn. 
13  knots.       1       10  days  2  hours. 

6894        1         351b. 
5328         1         421b. 

3235                 701b. 

1 

This  simply  means  that  such  (leaving  stress  of  weather  out  of  the 
question)  could,  at  8  knots  an  hour,  steam  to  New  York  and  back  on 
100  tons  of  coal ;  but  if  the  attempt  were  made  to  reach  there  in  about 
ten  days,  her  coal  would  only  just  last  the  outward  voyage. 

The  Wanderer  steam  yacht,  700  tons  (now  re-named  Vagus,  see  the 
table  on  page  319),  in  her  voyage  round  the  world,  burnt  661b.  of  coal  per 
mile  steamed.  The  Maid  of  Honour  (see  page  318),  at  an  average  speed 
of  10*8  knots  an  hour,  burnt  321b.  of  coal  per  knot,  steamed  to  and  from 
the  North  Gape. 

A  fast  steam  yacht  of  about  100  tons,  such  as  Linotte  (particulars  of 
which  will  be  found  on  pages  290  and  318),  consumes  about  801b.  of  coal 
per  mile  travelled  at  the  rate  of  12  knots  an  hour;  251b.  per  mile  at 
11  knots,  and  221b.  per  mile  at  10  knots,  and  191b.  per  mile  at  9  knots. 

The  first  cost  of  a  350-ton  auxiliary  steam  yacht  would  exceed  that  of 
the  cost  of  a  full  steam  yacht,  as,  although  the  engines  might  not  cost  quite 
so  much,  the  heavy  spars,  rigging,  and  sails  would  cost  probably  ten  times 
as  much  as  those  in  the  steamer. 

The  cost  of  working  a  350-ton  auxiliary  steam  yacht,  so  far  as 
engine-room  wages  go,  would  be  about  the  same  as  the  full  steam  yacht ; 
but  there  would  be  six  additional  seamen  to  maintain.  There  would  be  also 
wear  and  tear  of  sails ;  but,  as  the  engine  and  boiler  would  probably  be 
used  less  in  proportion,  a  fair  set-off  would  be  arrived  at.  However,  for 
home  cruising,  or  even  for  cruising  to  the  Mediterranean  or  Baltic,  the 
full  power  steam  yacht  will  prove  the  more  economical  and  satisfactory. 

Great  care  should  be  always  taken  in  selecting  an  engineer ;  he  should 
not  only  know  how  to  drive  an  engine,  but  be  capable  of  readjusting  any 
of  its  parts  and  effecting  slight  repairs.  The  second  engineer  should  be 
what  is  known  as  a  "  donkey  man." 

A  '*  certificated  second  engineer"  is  frequently  engaged  to  take  charge 
of  a  yacht's  engines,  and,  if  a  steady,  sober  man  can  be  found,  a  ''  certifi- 
cated second  engineer "  will  be  a  most  valuable  one  to  employ.  These 
second  engineers  have  often  been  "  donkey  men,"  that  is,  men  who,  having 
acquired  a  fair  education,  have  had  experience  in  the  shop,  and  have 
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risen  from  firemen  or  stokers.  The  Board  of  Trade  qualifications  for 
second-class  engineer  are  as  follows:  '^The  candidate  must  be  twenty- 
one  years  of  age,  and  have  served  an  apprenticeship  to  an  engineer, 
and  prove  that  during  the  period  of  his  apprenticeship  he  has  been 
employed  in  the  making  and  repairing  of  engines;  or  if  he  has  not 
served  an  apprenticeship,  three  years^  employment  in  a  factory  or 
workshop  where  engines  are  made  or  repaired  will  suffice  ;  but  in  either 
case  he  must  also  have  served  one  year  at  sea  in  the  engine-room.  If  he 
has  not  been  apprenticed  to  an  engineer,  nor  worked  in  a  factory  for  the 
stipulated  time,  four  years'  service  at  sea  in  the  engine-room  will  qualify 
him.  However  or  wherever  ho  may  have  been  employed,  he  must  be  able 
to  give  a  description  of  boilers  and  the  methods  of  staying  and  tubing  them, 
together  with  the  use  and  management  of  the  different  valves,  cocks,  pipes, 
and  connections.  He  must  know  how  to  correct  defects  from  accidents  and 
decay,  and  to  repair  them,  and  to  understand  the  use  of  the  barometer, 
thermometer,  hydrometer,  and  salinometer.  He  must  state,  when  asked, 
the  causes,  effects,  and  remedies  for  incrustation;  and  his  educational 
attainments  must  be  ample  enough  to  pass  in  the  first  five  rules  of 
arithmetic  and  decimals,  besides  which  he  will  be  questioned  as  to  the 
construction  and  fixing  of  paddle  and  screw  engines." 

In  selecting  a  ^'  second  class  engineer  "  to  put  in  charge  of  a  yacht^s 
engines,  one  who  is  fresh  from  the  factory  or  with  only  one  year's  sea 
service  should  be  avoided ;  but  the  "  donkey  man,'^  who  has  worked  up  to 
his  certificate  at  sea  will  be  a  reliable  engineer  to  engage. 

The  owner  of  a  steam  yacht  who  desires  to  become  acquainted  with 
the  working  of  his  engines  should  obtain  the  following  books  :  *^  The  Safe 
Use  of  Steam"  (price  Gti.),  Crosby,  Lockwood,  and  Co.,  7,  Stationers' 
Hall-court ;  '^  The  Marine  Steam  Engine  for  the  Use  of  the  Officers  of 
Her  Majesty's  Navy,"  by  Bichard  Sennett,  Longmans,  Paternoster-row, 
1882 ;  and  a  ''  Manual  of  Marine  Engineering,"  by  A.  E.  Seaton,  Griffin, 
and  Co.,  Exeter-street,  Strand.     The  latter  has  become  a  standard  work. 


CHAPTER  XIII. 

RULES  AND  FORMULA;  OF  USE  IN  DETERMINING 
THE  QUALITIES  OF  A  YACHT. 


All  areas  bounded  by  curved  lines  are  treated  by  naval  architects  as 
parabolas  of  different  orders,  and  their  areas  and  centres  of  gravity  are 
usually  found  by  a  computation  of  ordinates,  the  formulae  for  which  are 
generally  known  as  "  Simpson's  Eules."  An  ordinate,  as  here  understood, 
is  any  line  projected  at  right  angles  to  the  base  of  a  curve.  In  the 
diagram  annexed  (Fig.  139)  A  B  is  the  base  line  of  the  curve  A  C  B.     The 


Fie.  189. 
lines   yi  y^  are   ordinates.     The   intervals   Xi  x^  x^  are  called   abscissas  ) 
in   this   work   they   will   be   always   referred   to   as   ^'intervals,"   or    as 
*'  longitudinal  intervals.'' 

The  area  inclosed  in  a  curved  line  is  expressed  in  algebraic  symbols  by 
J  y  d  X.  y  is  the  integral  sign,  being  a  kind  of  8,  the  initial  of  the  Latin 
jnimma^  sum  (the  integral  is  the  sum  of  the  differentials) ;  y  is  the  quantity 
summed ;  and  d  the  differential  of  x. 

6  s 


To  find  the  area  of  a  plane  :  Divide  the  base  liue  into  any  even 
xtamber  of  longitudinal  intervals  or  spaces ;  but  there  must  be  an  even 
noniber  of  spaces,  so  as  to  get  an  odd  number  of  ordinates.     From  the 

T 
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point  marking  eacli  interval  draw  an  ordinate  at  right  angles  to  the  base 
line  to  meet  the  curve ;  number  the  ordinates  from  left  to  right,  or  from 
right  to  left,  as  may  seem  most  convenient  (see  Fig.  140) . 

Rule. — First  take  the  lengths  of  even  ordinates  (commencing  at 
No.  2  and  ending  at  No.  10)  and  add  the  lengths  together;  multiply  this 
sum  by  4.  Next  take  the  odd  ordinates  (commencing  at  No.  3  and  ending 
at  No.  9)  and  add  them  together ;  multiply  this  sum  by  2.  Then  add 
these  two  products  together,  with  the  sum  of  the  first  and  the  last 
ordinates  (No.  1  and  No.  11) ;  multiply  the  total  sum  so  gained  by  ^  the 
common  interval  between  the  ordinates.  The  product  will  be  the  required 
area^  y  d  x  =  %  {y^  +  4  y^  +  2  y^ -j-  4  y^-{- 2  y^ -{■  i  y^  +  2  yj  +  4  y, 
+  2  yo  -f  4  t/io  +  yn)'     This  is  called  "  Simpson's  First  Rule." 

This  is  the  rule  in  most  common  use  among  naval  architects,  and  is 
capable  of  any  degree  of  exactness  by  increasing  the  number  of  intervals, 
even  though  the  curves  are  very  sharp. 

Simpson's  second  rule  is  more  intricate  than  the  first  rule,  and  not 
so  accurate ;  still  it  may  be  at  times  necessary  to  use  the  rule  where  an 
even  number  of  intervals  cannot  be  obtained  without  some  inconvenience 
or  trouble.  The  number  of  intervals  must  be  any  multiple  of  3  (as  3  x  4 
=  12),  and  thus  the  number  of  ordinates  will  be  one  in  excess  of  the 
multiple  12 — that  is  13 ;  the  formula  is  y  y  d  a?  =  f  aj  (yi  4-  3  ys  yj  +  'i 
?/*  +  3  ys  +  3  ye  +  2  y,  4-  3  y,  -h  3  y,  +  2  y.^  +  3  y^  +  3  y,^  +  y  J . 

The  ordinates  4,  7,  10  (multiples  of  every  third  interval),  are  termed 
dividing  ordinates,  and  have  to  be  multiplied  by  2,  or,  in  other  words,  the 
formula  requires  that  the  ordinate  at  every  third  interval  must  be  so 
multiplied;  the  intermediate  ordinates  2,  3,  5,  6,  8,  9,  11,  12,  ai-e 
multiplied  by  3.  To  these  products  are  added  the  sum  of  the  two  end 
ordinates,  and  the  whole  sum  is  multiplied  by  f  the  common  interval 
between  the  ordinates. 

A  modification  of  this  rule  applied  to  figures  divided  into  four  equal 
intervals  is  :  Add  together  the  two  end  ordinates,  3  times  the  sum  of  the 
two  intermediate  ordinates,  and  multiply  by  f  the  common  interval. 

In  computing  the  area  of  a  quadrant  of  a  circle  12ft.  radius  by 
ordinates  at  six  equal  intervals,  the  error  was  found  to  be  nearly  ^  of  the 
whole.  This  error  can  be  reduced  to  ^hr  ^7  placing  the  ordinates  one-half 
the  distance  nearer  each  other,  that  is,  by  making  the  number  of  equal 
intervals  12  instead  of  6.  The  error  can  be  further  reduced  to  -^  of  the 
whole  by  making  the  number  of  intervals  24.  The  error,  however,  is  so 
small  where  the  curves  are  gradual,  as  they  usually  are  in  the  water-lines 
of  a  ship,  as  to  be  scarcely  appreciable. 

It  may  not  always  be   convenient   to  double  the  whole  number  of 
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ordinates  in  the  curve ;  or  it  may  be  unnecessary  to  do  so  if  there  be 
A  long  '^  straight  of  breadth "  in  any  part  of  the  curve.  In  such  cases 
half  intervals  may  be  used,  as  shown  in  Fig.  141. 

It  will  be  observed  that  extra  ordinates  have  been  put  in  at  half 
intervals  where  the  curve  becomes  oblique  to  the  ordinates,  and  the 
4)rdinary  multipliers  (4  and  2)  will  be  altered,  as    shown  in  the  table,  for 


that  part  of  the  curve  where  the  intervals   are  doubled.     The  ordinates 
^ire  those  of  a  quadrant  of  12ft.  radius,  and  are  2ft.  apart. 


Simpson's  Fibst  Bule. 


Simpson's  Second  Bule. 
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112'46  =  area  in  aqnare  feet. 


T  2 


297-2 
3 

8)891-6 


111*45  =  area* 


324 


Yacht  Architecture. 


With  two  places  for  decimals,  the  area  given  is  112"68  square  feet. 
The  exact  area  of  a  quadrant  is  known  to  be  llS'l  square  feet,  so  tte 
small  error  here  apparent  can  be  considered  of  no  importance  in  the 
general  calculations  a  naval  architect  has  to  make.  The  area  given  by 
using  Simpson's  First  Rule  without  half  intervals  is  112  square  feet,  and 
by  the  Second  Rule  11 1*45  square  feet;  and,  unless  the  curve  be  very 
full,  as  in  the  quadrant,  and  unless  unusual  accuracy  be  required,  the 
calculator  need  scarcely  ever  trouble  about  putting  in  ordinates  at  half 
intervals. 

A  rule  called  the  ''  Trapezoidal  rule ''  can  be  used  occasionally  if 
great  accuracy  be  not  required,  or  if  the  curves  be  not  abrupt.  The  rule  is 
r  y  d  X  ^  X  (4  i/i  +  ys  +  ^8  +  Vi  +  i  Vs)  •  that  is,  take  half  the  sum  of 
the  two  end  ordinates  y^  and  y^  and  add  to  the  sum  of  all  the  other 
ordinates ;  multiply  this  sum  by  the  common  interval,  and  the  product  will 


Fig.  142. 

be  the  required  area,  approximately.  Any  number  of  intervals  or  ordinates 
can  be  used  for  this  rule.  Applied  to  a  quadrant  of  12ft.  radius,  the  rule 
gives  an  area  of  110  square  feet — a  variation  from  the  true  area  much  too 
considerable  to  be  admitted  into  calculations — in  short,  the  rule  is  never 
used  except  for  ^'  straight  '^  curves,  such  as  the  lower  water  lines. 

It  has  now  been  shown  in  what  manner  the  areas  of  the  horizontal 
sections  (or  water  lines  as  they  are  usually  termed)  are  calculated,  and  the 
areas  of  vertical  '^  athwart  ship  "  sections  are  calculated  in  a  precisely 
similar  way.     Let  Fig.  142  be  any  vertical  transverse  section  of  a  ship  such 


Calculating  Areas. 


;s25 


as  the  midship  section,  then  1,  2,  3,  4,  5,  6,  7,  8,  9  are  ordinates,  and 
have  to  be  summed  in  the  way  previously  described  by  Simpson's  rule. 

The  even  ordinates  2,  4,  6,  8  lengths  of  the  even  ordinates  measured 
fi'om  the  curve  to  the  vertical  line  are  taken  out,  added  together,  and 
multiplied  by  4.  Next  the  odd  ordinates  3,  5,  7  are  taken  out,  added 
together,  and  multiplied  by  2,  The  sum  of  these  two  products  is  then 
taken,  and  added  to  the  sum  will  be  the  sums  of  the  lengths  of  1  and  9, 
the  two  ^'  end  ordinates  in  this  case  being  the  L.W.L/'  The  whole  sum 
has  then  to  be  multiplied  by  one-third  the  common  interval  between  the 
ordinates,  and  the  product  will  be  the  area  required. 

It  is  usual  to  make  the  ordinates  of  the  water-lines  that  pass  through 
the  vertical  sections  shown  on  the  body  plan  serve  as  the  ordinates  for  the 
respective  areas  of  the  vertical  sections,  so  that  one  set  of  ordinates  will  do 
for  the  whole  operation  of  calculating  the  displacement  and  centre  of 
buoyancy  of  a  ship. 

When  a  plane  is  bounded  by  a  parabolic  curve,  a  base  line  and  two 
^straight  sides  at  right  angles  to  the  base  (see  Fig.  143),  the  area  may  be 


i> 
Fig.  148. 


found  thus :  Add  together  the  two  ends  ordinates  A  B  and  E  F  and  four 
times  the  middle  ordinate  C  D;  multiply  this  sum  by  ^  the  interval 
between  the  ordinates,  and  the  product  will  be  the  area.  This  rule  is 
founded  on  the  same  reasoning  as  Simpson's  "  first  rule." 

To  calculate  the  area  contained  in  either  space  right  or  left  of  the 
ordinate  0  D,  the  rule  will  be  to  find  the  area  of  C  F  D  E  :  Multiply  the 
ordinate  C  F  five  times ;  the  middle  ordinate  C  D  eight  times ;  add  these 
two  products  together,  and  from  their  sum  subtract  the  other  ordinate 
A  B ;  multiply  the  remainder  by  -j^  the  common  interval,  and  the  product 
fvill  be  the  required  area. 
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If  the  area  A  B  C  D  is  required ;  Multiply  A  B  five  times  and  C  D 
eight  times ;  sum  the  products  and  subtract  E  F ;  Multiply  the  remainder 
by  ^  the  common  interval,  and  the  product  will  be  the  required  area. 

To  find  the  area  of  a  parabolic  segment  as  shown  (Pig.  144),  multiply 
the  base  A  B  by  f  the  perpendicular  height  C  D. 


c 
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The   area    of    a    triangle    is    found    by   multiplying   its   base  A  B 
(Fig.  145)  by  half  its  perpendicular  height,  C  d;   C  d  is  set  off  at  right 


Pig.  145. 


angles  to  A  B,  and  is  measured  to  the  opposite  angle  C.     The  formula 
base  X  perpendicular 

The  area  of  a  trapezoid  is  thus  found  :    Add  together  the  top  side 


IS 


Fig.  146. 

(Fig.  146)  a  b  and   the   bottom  side  c  d,  and   multiply  this  sum  by  the 
perpendicular  e ;  divide  by  2,  and  the  quotient  will  be  the  area  "  -    2 
=  area. 

To  find   the   area  of  a  plane  contained  within  any  angle,  0  P  Q, 
and  its  arc  P  Q  (Fig.  147) :  Divide  the  plane  into  any  number  of  angular 
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intervals  by  the  radii  0  P,  O  R,  0  S,  0  T,  which  are  called  polar  co- 
ordinates^ and  radiate  from  the  point  0.  Measure  the  length  of  each  radius 
or  ordinate^  as  0  P^  O  R,  &c. ;  take  the  half  squares  and  put  them  into 
Simpson's  First  Rule ;  that  is,  add  together  the  half  squares  of  0  P  and 
0  Q ;  four  times  the  sum  of  the  half  squares  0  R,  and  0  T ;  and  twice 
the  sum  of  the  half  square  of  S  O ;  multiply  the  total  sum  by  ^  the  angular 
interval  expressed  in  circular  measure,  and  the  product  will  be  the  area 
required. 
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The  algebraic  expression  for  computing  areas  by  polar  co-ordinates 
^^J-^dBy  where  r  signifies  any  radius  of  the  plane,  and  0  the  angle  made 
by  any  radius  with  either  the  outside  radii. 


Fig.  148. 

A  table  of  factors  for  computing  the  length  of  circular  arcs  will  be 
found  in  the  Appendix.  The  half  squares  will  be  taken  from  any  table  of 
squares  and  cubes  and  halved. 

A  simpler  way  to  find  the  area  of  such  a  shaped  figure  is  to  cut  off 
the  arc  or  segment  ABC  (Fig.  148) ;  then  find  its  area  by  rule  9  before 
given  (Fig.  144)  ;  next  find  the  area  of  the  triangle,  A  C  B,  by  rule  10. 
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F  C  will  be  the  perpendicalar  for  the  triangle^  and  A  E  the  base.  Add 
the  area  of  the  parabolic  segment  of  the  area  to  the  triangle  for  the  required 
whole  area. 

The  volumes  of  solids  which  are  of  such  irregular  shapes  as  ships  are 
found  by  a  further  application  of  Simpson^s  rules.  That  is^  each  area  is 
treated  as  an  ordinate  in  the  calculation.  We  will  presume  the  solid  to  be 
of  a  shape  similar  to  that  depicted  by  Fig.  149.  The  areas  of  the  ends  of 
the  vessel  represented  by  1  and  7  may  be  indefinitely  small^  according 
to  the  peculiarities  of  the  vessel.  Then  1,  2,  3, 4,  5,  6,  7  are  areas  of  cross 
sections  which  represent  planes  in  the  calculations.  The  areas  of  these 
planes  are  found  by  the  process  already  described;  then  each  area  is 
treated  as  an  ordinate,  and  these  ''  area-ordinates  "  are  summed  by  one  of 
Simpson^s  rules  in  the  manner  heretofore  explained.  Thus,  the  contents  of 
the  solid  is  given  in  cubic  feet. 

To  ascertain  the  volume  of  any  wedge-shaped  solid,  of  which  Fig.  147 
may  be  considered  a  transverse  section,  conceive  the  wedge  to  be  cut  into 
angular   layers    in   a  longitudinal   or   fore-and-aft   direction  by   the  co- 
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ordinates  O  P,  O  R,  &c. ;  each  of  these  layers  will  be  subdivided  by 
ordinates  represented  by  the  figures  (refer  to  Fig.  150)  1,  2,  3,  4,  5,  6,  7, 
8,  9,  10,  11.  Take  the  half  squares  of  the  ordinates  of  each  layer  (in  tura) 
and  sum  them  according  to  Simpson^s  first  rule  ;  this  will  give  the  moment 
of  each  plane  about  the  axis  O.  V.  Take  the  "  moments  "  so  obtained  and 
operate  upon  them  as  if  they  were  co-ordinates,  the  summing  of  which,  by 
Simpson's  rule,  will  be  the  same  as  before  illustrated  (Fig.  147) ;  that  is, 
sum  the  moments  of  the  planes  OPVU,  ORVW,  OSVX,  OTVY, 
and  O  Q  V  Z,  by  Simpson's  First  Rule,  and  multiply  the  sum  by  ^  the 
angular  interval  expressed  in  circular  measure. 

(i^OPVU-f  40RVW  +  20SVX-f  40TVY  +  0QVZ.) 

Of  course  sach  a  figure  can  be  subdivided  into  any  convenient  number 
of  angular  intervals,  but  care  must  be  taken  to  always  select  whichever  of 
Simpson's  rules  suits  the  number  of  intervals  chosen. 

The  volume  of  the  wedge  (Fig.  150)  may  also  be  found  by  computing 
the  area  of  each  transverse  section  of  the  wedge  at  the  points  1,  2, 
S,  4,  &c.,  by  polar  co-ordinates  (as  shown  in  Fig.  147),  and  then  summing 
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these  transverse  areas  by  one  of  Simpson's  rules,  each  area  so  found  being 
treated  as  an  ordinate. 

The  volume  of  the  wedge  (Pig.  150)  may  be  found  in  yet  another 
way*  l>y  operating  upon  each  angular  transverse  section  1,  2,  3,  4,  &c.,  in 
the  manner  described  in  Fig.  148,  calculating  the  area  of  the  triangle 
and  its  parabolic  segment.  The  areas  must  be  summed  in  the  usual  way, 
according  to  Simpson's  First  Rule.  This  rule  will  be  found  most  simple 
in  practice  if  merely  the  volume  of  the  wedge  has  to  be  calculated,  and  a 
detailed  example  of  its  application  will  be  found  further  on. 

The  contents  of  an  ordinary  wedge  is  found  by  multiplying  the  area 
of  its  base  by  ^  its  perpendicular  height.  The  contents  of  a  frustrum  of 
a  wedge  (i.e.  a  wedge  with  its  thin  end  cut  of)  is  found  by  the  following 
formula:  A  =  ^  {b  +  c),  where  b  area  of  the  base,  c  area  of  top,  p  per- 
pendicular ;  A  solid  contents  of  the  wedge. 

The  solid  contents  of  a  cylindrical  body,  such  as  the  mast,  boom  or 


7^ 

3 

Pio.  150. 
yard  of  a  ship,  is  found  by  multiplying  its  length  by  the  mean  area  of  its 
cross  section.  The  area  of  a  section  at  any  point  would  be  found  by 
multiplying  the  square  of  the  diameter  at  the  point  by  '7854,  which  is  the 
rule  for  finding  the  area  of  a  circle.  The  mean  cross  area  of  a  boom  or 
other  spar  would  be  found  by  finding  the  area  at  three  or  more  equidistant 
points.  These  areas  would  be  added  together,  and  their  sum  divided  by 
the  number  of  areas  taken. 

CENTRE    OF    GRAVITY. 

The  centre  of  gravity  of  such  an  area  or  plane  as  shown  on  page  321 

(Pig.   140)  is  found  by  multiplying  the  ordinates  by  the  number  of  their 

stations,  from  No.  1  station ;  the  products  or  moments  so  found  are  then 

operated  upon  by  one  of  Simpson's  rules.     The  result  so  obtained  is  then 
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divided  by  the  area  of  the  plane,  and  the  quotient  multiplied  by  the 
distance  the  ordinates  are  apart ;  this  product  will  be  the  distance  the 
centre  of  gravity  is  from  No.  1  station.  This  gives  the  centre  of  gravity 
of  the  figure  in  a  longitudinal  direction  only  ;  but  inasmuch  as  the  figure 
represents  but  one-half  of  the  real  figure,  and  as  its  corresponding  half  is 
of  exactly  similar  form,  the  centre  of  gravity  of  the  whole  figure  will  lie 
in  the  line  1,  11  (Fig.  140). 

The  centre  of  gravity  of  a  solid  or  of  any  portion  of  a  solid  immersed 
in  water  is  found  in  a  similar  manner,  the  areas  being  treated  as  ordinates. 
Each  area  is  multiplied  by  its  number,  from  No.  1  station;  the  products 
are  summed  by  one  of  Simpson^s  rules,  and  the  result  divided  by  the 
contents  of  the  body  expressed  in  cubic  feet ;  the  quotieut  multiplied  by 
the  distance  between  the  sections  will  give  the  distance  the  centre  of 
gravity  is  from  No.  1  section. 

The  foregoing  rules  give  the  centre  of  gravity  of  a  plane  or  body  in 
a  longitudinal  direction ;  the  position  must  also'  be  found  in  the  vertical 
direction.  The  rule  to  determine  the  position  as  to  depth  of  the  centre  of 
gravity  in  such  a  body  as  the  immersed  portion  of  a  ship  is  as  follows: 
Take  the  areas  of  each  of  the  longitudinal  planes,  such  as  Fig.  140  (which 
can  be  said  to  represent  the  water-line  of  a  ship)  and  treat  them  as 
ordinates ;  proceed  (in  exactly  the  manner  explained  for  the  vertical 
sections)  to  operate  upon  these  area  ordinates  by  one  of  Simpson^s  rules, 
and  divide  the  result  by  the  contents  of  the  solid  expressed  in  cubic  feet ; 
multiply  the  quotient  by  the  distance  the  horizontal  or  longitudinal  planes 
are  apart,  and  this  product  will  be  the  distance  the  centre  of  gravity  of  the 
figure  is  from  the  initial  plane,  or  below  the  plane  of  flotation. 

The  term  "  centre  of  gravity  "  here  used,  as  applied  to  a  body  floating^ 
is  equivalent  to  centre  of  buoyancy — the  more  correct  term  is  centre  of 
gravity  of  displacement.  It  is,  in  fact,  the  centre  of  the  hole  made  in  the 
water  by  the  body  floating.  It  must  be  understood  that  "  centre  of  gravity 
of  displacement "  and  "  centre  of  buoyancy  "  are  convertible  terms ;  the 
"  centre  of  gravity  "  of  the  weight  of  a  ship  is  always  understood  to  mean 
the  ^'centre  of  gravity^'  of  the  collective  weights  of  a  ship,  and  is  altogether 
distinct  from  centre  of  buoyancy  or  centre  of  gravity  of  displacements 
The  mode  for  ascertaining  the  ^'  centre  of  gravity  ^*  of  a  ship  is  explained 
farther  on. 

It  wiU  be  sometimes  necessary  to  find  the  common  centre  of  g^vity  of 
two  bodies  or  planes  which  in  some  way  exercise  a  joint  force. 

The  formula  will  be  a?  =  ^^— ^  where  W  weight  of  one  body,  w  weight 
of  the  other  body,  d  the  distance  the  centres  of  gravity  of  the  two  bodies 
are  apart,  x  the  distance  the  common  centre  of  gravity  is  from  the  centre 
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of  gravity  of  W.  Then  multiply  the  weight  of  iv  by  the  distance  d,  its 
centre  of  gravity,  is  from  the  centre  of  gravity  of  W,  and  divide  by  the 
combined  weight  of  the  two  bodies.  The  quotient  will  be  the  distance  the 
common  centre  of  gravity  of  the  two  bodies  is  from  the  centre  of  gravity  of 
\V — represented  by  the  line  x  in  the  diagi^am  (Fig.  Vrl), 


Pig.  151. 

(In  the  case  of  planes,  the  areas  of  the  respective  planes  will  be  treated 
as  the  w^eight  in  the  foregoing  illustration.     See  also  Fig.  153,  page  832.) 

If  it  is  required  to  know  how  far  the  centre  of  gravity  of  a  body 
will  be  shifted  by  the  shifting  of  any  portion  of  its  weight,  the  rule  will  be- 
found  in  the  following  expression :  x  =  — ^ — ,  where  W  the  weight  to  be- 
shifted,  d  the  distance  the  weight  is  moved,  8  the  total  weight  of  the  body^ 
and  X  the  distance  the  centre  of  gravity  is  moved.  Supposing  two  tons  of 
ballast  be  taken  out  of  yacht's  hull  and  placed  on  her  keel  3ft.  lower  down, 
the  whole  weight  of  the  yacht  being  20  tons. 

30  feet. 
20  tons. 

20  toii8)6-0(0-3  =  feet. 
60 

That  is,  the  centre  of  gravity  of  the  yacht  would  be  brought  0*3  feet 
lower,  or  3f  inches. 

If  it  is  required  to  know  liow  far  a  weight  must  be  moved  to  shift  the 
centre  of  gravity  a  certain  distance,  then  the  formula  is  d  =  ~w~'  i  ^^**  is,, 
multiply  the  total  weight  of  the  body  {8)  by  the  distance  the  centre  of 
gravity  has  to  be  moved  (»),  and  divide  by  the  weight  W  to  be  shifted. 

20 

s 

2)6-0 
30  feet. 

That  is,  the  weight  would  have  to  be  shifted  3ft. 

The  centre  of  gravity  of  a  triangle  is  found  by  bisecting  (i.e.,  dividing 
the  middle  of  the  line  A  B  in  a ;  from  a  produce  a  line  to  C  ;  two-thirds 
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•of  this  line  set  off  from  C  towards  a  will  give  the  position  of  the  centre  of 
•gravity  of  the  triangle  d  (Fig.  152). 


Fio.  152. 

Or  each  side  of  the  triangle  can  be  bisected,  and  a  line  produced  to  an 
•opposite  angle,  as  shown  by  the  ticked  lines  on  Pig.  152.  The  point,  d, 
where  the  lines  intersect  will  be  the  centre  of  gravity  of  the  figure.  This, 
in  practice,  will  be  found  the  more  accurate  way. 

To  find  the  centre  of  gravity  of  a  trapezium  (Fig.  153) : 
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Divide  the   figure  into  four  triangles,  as  shown  by  A  B  D,  BCD, 
ABC,  and  ADC,  and  proceed  to  find  the  centre  of  gravity  of  each 
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triangle  according  to  the  rule  given  in  Fig.  152 ;  then  draw  a  line 
from  the  centre  of  each  triangle  to  the  centre  of  its  corresponding- 
triangle ;  the  point  of  intersection  will  be  the  centre  of  gravity  of  the- 
iigure ;  let  A  B  C  be  one  triangle,  with  its  centre  of  gi'avity  at  a ;  let 
A  D  C  be  its  corresponding  triangle,  with  its  centre  of  gravity  at  b  ;  theni 


Fig.  154. 

join  a  b.  Next  let  B  C  D  be  a  triangle  with  its  centre  of  gravity  at  c ;  let 
its  corresponding  triangle  be  A  B  D,  with  its  centre  of  gravity  at  d ;  join 
c  d,  and  the  point  where  c  d  and  a  b  intersect  will  be  the  centre  of  gravity 
of  the  figure  e. 

The  centre  of  gravity  of  a  trapezoid  (Fig.  154)  can  be  found  in  a 
precisely  similar  way. 

To  find  the  centre  of  gravity  of  a  figure  by  experiment :  Suspend  the- 
object  (Fig.  155),  and  let  fall  a  plumb-line  from  the  point  of  suspension ;. 


Fio.  156. 
mark  where  the  plumb-line  cuts  the  figure ;  then  suspend  the  figure  from 
another  point  (Fig.  156),  and  let  fall  a  plumb-line  as  before.     The  point 
where  the  plumb-lines  intersect  will  be  the  centre  of  gravity  of  the  figure  O* 
(Pig.  156). 
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To  ascertain  the  mean  breadth  of  a  plane,  divide  the  area  by  length  of 
the  base^  and  the  quotient  will  be  the  required  mean  breadth. 

To  find  the  mean  area  of  the  sections  of  a  solid,  divide  the  volume 
(expressed  in  cubic  feet)  by  the  length  of  the  solid,  and  the  quotient  will 
be  the  required  mean  area. 

Similarly,  the  mean  area  of  the  water-lines  can  be  found  by  dividintr 
the  contents  of  the  solid  by  its  depth. 

If  the  displacement  has  been  calculated  without  the  plank  (termed 
''  moulded  displacement,'*  because  it  is  to  the  moulding  or  shape  of  the 
frames  only)  the  actual  displacement  can  be  found  by  multiplying  the  are«i 
of  the  immersed  surface  in  square  feet  by  the  thickness  of  the  plank,  the 
latter,  of  course,  in  decimals  of  a  foot.  Or  the  moulded  displacement  will 
be  to  the  true  displacement  as  the  cube  of  the  breadth  of  the  figure  (at  the 
L.W.L.)  moulded  is  to  the  cube  of  the  breadth  (at  the  L.W.L.)  with  the 
plank  on:  or  B&  a  :  b  II  c  :  d  and  d  =  — 5—. 

Where  a  the  moulded  breadth ;  b  the  breadth  with  the  plank  on ;  v 
the  moulded  displacement ;  d  the  displacement  with  the  plank  on. 

Also  the  displacement  of  vessels  of  similar  form  can  be  found  by  this 
equation;  thus,  say  the  length  of  a  yacht  is  40ft.  and  her  displacement 
15  tons ;  and  the  length  of  another  yacht  on  the  same  lines,  but  to  a 
different  scale,  so  as  to  be  50ft.  on  the  water-line,  then  their  displacement 
to  each  other  will  be  .^3  =29*3  tons;  and  similarly  the  areas  of 
figures  are  to  each  other  as  the  squares  of  either  of  their  leading 
dimensions. 

Say  the  area  of  wetted  surface  of  a  yacht  50ft.  long  is  340  sq.  ft.,  then 
the  area  of  wetted  surface  of  a  yacht  40ft.  long,  built  on  the  same  lines 
(but  to  a  different  scale)  will  be  —^^P^  =  217-6  sq.  ft. 

The  displacement  may  also  be  found  from  a  model  (see  pages  2  and  8). 

The  usual  method,  however,  of  finding  the  displacement  of  vessels  of 
similar  form  but  of  different  dimensions  is  by  the  cube  of  the  scale  of  com- 
parison, as  explained  on  page  3,  the  following  notation  being  observed : 

A  the  dimensions  of  one  vessel,  say,  the  breadth  or  length. 

B  the  same  dimensions  in  another  vessel. 

D  the  displacement  of  one  vessel. 

Da  the  displacement  of  another  vessel,  then 

Da  =  {-'jr'\  X  D.  This,  of  course,  assumes  that  the  B  dimensions  are 
larger  than  the  A.     If  the  opposite  is  the  case,  then  the  formula  will  take 


this  form  :  Da  = 


(4)' 

Areas  of  surfaces  or  of  similar  planes  will  be  found  by  using  the 
square  of  the  scale  of  comparison  instead  of  the  cube. 


CHAPTER  XIV. 

CALCULATING  THE  DISPLACEMENT,  CENTRE  OFJ 
BUOYANCY,  ETC. 


Thb  examples  of  the  calculations  which  are  here  given  relate  to  the  cutter 
yacht  Kriemhilda^  the  lines  of  which  are  depicted  in  Plate  X, 

It  is  generally  found  most  convenient  to  number  the  ordinates  from 
the  stem^  and  this  plan  has  been  followed  in  the  example  about  to  be 
given.  There  is,  however,  nothing  arbitrary  in  the  matter,  and  so  far  as 
the  accuracy  of  the  result  of  the  calculations  is  concerned,  the  ordinates 
might  just  as  well  be  numbered  from  the  sternpost. 

The  ordinates  must  be  numbered  as  shown  on  the  drawing 
(Plate  X.),  No.  1  commencing  at  the  fore  side  of  the  stem ;  the  last 
ordinate  is  No.  17,  which  passes  through  a  portion  of  the  rudder.  It  must 
be  noted  that  the  ordinates  represented  by  ticked  lines  at  half  intervals, 
and  nambered  1^,  2^,  15^,  and  16^  in  the  Sheer  Plan,  do  not  refer  to  any 
operation  in  calculating  the  displacement.  The  use  of  these  ordinates  will 
appear  further  on. 

The  common  custom  is  to  divide  the  length  of  the  load  water-line 
into  an  equal  number  of  parts,  beginning  at  the  fore  side  of  the  stem  and 
terminating  at  the  after  side  of  the  stem  post.  This  will  always  be 
the  most  convenient  rule  when  the  stem  post  is  upright ;  but  it  may  be 
sometimes  more  convenient  (to  get  the  distance  between  the  ordinates 
to  represent  the  spacing  of  the  frames)  to  produce  the  last  ordinate  through 
the  rudder,  as  shown  in  the  example  about  to  be  given.  By  such  a  process 
a  portion  of  the  rudder,  is,  of  course,  included  in  the  calculations,  and  the 
remaining  piece  must  be  included  in  the  final  calculation  of  the  whole 
volume ;  the  piece  of  the  rudder,  marked  P  in  Plate  X.,  which  remains 
abaft  the  ordinate,  must  be  calculated  separately.  The  Kriemhilda,  for 
instance,  is  79'5ft.  in  length  on  the  L.W.L.  from  the  fore  side  of  stem 
to  aft  side  of  stem  post,  and  this  length  subdivided  into  sixteen  equal 
parts  would  give  a  rather  awkward  length  of  interval  to  set  off  accurately  ; 
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consequently  a  portion  of  the  rudder  was  treated  as  a  part  of  the  load 
water-line,  to  render  the  length  of  the  latter  equal  to  80ft.,  which  admitted 
of  subdivisions  of  5ft. 

Generally,  however,  the  sections  are  put  in  at  the  intervals  where 
the  frames  will  come,  as  otherwise  a  second  drawing  might  be  required 
for  the  mould  loft.  In  such  a  case  it  may  be  possible  that  the  first 
or  last  section  may  not  be  a  whole  interval  from  the  stem  or  stem 
post.  The  calculation  can  be  made  from  the  section,  or  an  imaginary 
piece  can  be  added  beyond  the  stem  or  stem  post  to  complete  the 
interval ;  but  this  must  be  allowed  for  both  in  the  displacement  and 
in  setting  off  the  calculated  distance  the  centre  of  buoyancy  is  from  the 
stem. 

It  will  be  found  in  the  drawing  of  Kriemhilda  that  the  stem,  or  fore 
foot,  is  rounded  away  so  that  at  No  2  water-line  the  space  between 
Nos.  1  and  2  ordinates  does  not  quite  equal  5ft.,  the  common  interval.  If 
the  water-line  at  this  end  were  very  full  it  would  be  necessary  to  make  a 
fi*esh  set  of  ordinates  for  No.  2  water-line,  and,  indeed,  for  all  the  water- 
lines,  to  ensure  accuracy ;  but,  inasmuch  as  the  lines  at  the  fore  end  of  the 
vessel  (as  is  usually  the  case  in  yacht?)  are  very  straight,  this  need  not 
be  done.  It  can  be  assumed  that  all  the  water-lines  are  extended  to 
meet  No.  1  ordinate  or  perpendicular  dropped  from  the  stem  at  the 
L.W.L.,  and  so  the  subdivisions  made  for  the  load  water-line  will 
answer  for  each  succeeding  water-line.  Allowance  can  afterwards  be- 
made  for  the  small  excess  introduced.  When  No.  6  water-line  is  arrived 
at,  it  will  be  best  to  make  a  change  in  numbering  the  ordinates; 
that  is,  take  No.  2  as  No.  1,  No.  8  for  No.  2,  and  so  on  all  through,  making- 
No.  16  No.  15. 

It  is  usual  to  calculate  the  displacement  in  halves,  as  the  half  sections 
of  the  vessel  only  are  given.  But  formerly  naval  architects  practised 
another  subdivision,  that  of  calculating  the  displacement  of  the  fore-body 
and  after-body  separately  ;  there  seems  to  have  been  no  weighty  reason 
for  this  latter  subdivision,  and  as  the  practice  involves  additional  labour 
without  any  advantage,  it  is  now  seldom  carried  out,  except  for  some 
exceptional  purpose. 

It  is  occasionally  the  practice  to  leave  a  portion  of  the  vessel  which 
comes  under  the  description  of  '^  keel ''  out  of  the  calculation  for  the 
displacement;  when  this  is  done  a  supplementary  calculation  has  to  be 
made,  an  exami)le  of  which  is  given.  There  is  no  reason  why  the  water- 
lines  should  not  be  continued  to  the  under  side  of  the  keel  if  found 
convenient  to  do  so ;  if  this  be  done  the  necessity  for  the  supplementary 
calculation  will   not   exist.      To  ensure  accuracy  in  the  calculations,  ihe 
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water-lines  should  never  be  farther  apai*t  than  ^  the  depth  taken  amidships 
from  the  load-line  to  the  rabbet-line. 

It  should  be  stated  that  the  lengths  of  the  ordinates — ^in  fact  all 
the  measurements — were  taken  from  a  drawing  made  to  a  ^in.  scale^  and 
not  from  the  rednced  drawing  shown  on  Plate  X.  Of  course  the  larger 
the  scale  the  drawing  is  made  to,  the  more  nearly  will  it  accord  to  the 
shape  of  the  ship,  and  the  smaller  will  be  the  errors  likely  to  be  made  in 
taking  off  measurements  owing  to  the  unfairness  of  the  drawing,  or  from 
want  of  precision  in  using  the  scale. 

It  will  be  seen  that  some  licence  is  permissible  even  in  calculations 
of  this  natare,  and  it  has  already  been  pointed  out  how  conyenience  in 
fixing  intervals  for  ordinates  can  still  further  be  studied.  A  drawing 
might  be  made  with  No.  1  station  placed  at  1ft.  more  or  less  abaft 
the  fore  side  of  the  stem  or  the  sheer  drawing,  and  the  other  stations 
at  6ft.  or  some  other  distance  apart.  In  such  a  case  the  section  or 
ordinate  at  No.  1  station  can  be  used  as  No.  1  area  or  ordinate  for  the 
calculation,  the  outlying  portion  being  afterwards  calculated  separately. 
When  this  happens  the  operator  in  calculating  the  positions  of  the 
various  centres  of  gpravity  must  be  careful  to  remember  that  all  linear 
measurements  must  be  taken  from  No.  1  station,  and  not  from  the  fore  side 
of  the  stem. 

In  the  calculations  for  the  Kriemhilda  two  places  for  decimals  have 
been  retained  throughout;  for  general  work  one  place  is  sufficient, 
'^  giving  and  taking.''  However,  in  some  cases  even  three  and  four  plaoea 
for  decimals  must  be  used,  as,  for  instance,  in  the  final  operation  of 
division  and  multiplication  to  determine  the  position  of  the  centre  of 
gravity  of  displacement. 

It  might  here  be  noticed  that  the  practice  among  naval  architects  is 
to  have  paper  ruled  to  receive  all  the  quantities  that  come  into  the 
operation  of  calculating  a  ship's  displacement,  tabulated — ordinates, 
multipliers,  areas,  and  all — so  that  read  one  way  the  sums  of  the  ordinates, 
and  areas,  &c.,  of  the  cross  sections  are  found,  and  read  the  other  way 
those  of  the  water-lines  are  found.  No  doubt  an  expert  professional 
man  may  save  himself  some  labour  in  making  figures  by  such  a 
method  ;  and  the  method  of  using  the  displacement  sheet  will  be  explained 
farther  on. 

The  scales  used  for  taking  off  the  lengths  of  the  ordinates  are 
divided  decimally  into  tenths  and  not  duodecimally  into  twelfths.  It  will 
often  be  found  convenient  to  measure  the  lengths  of  the  ordinates,  or  half 
breaddis,  by  a  "half  scale;''  that  is,  if  the  drawing  is  made  to  half  an  inch 
scale,  measure  all  the  half  breadths  or  ordinates  by  a  quarter  of  an  inch 
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scale.  However,  the  distances  or  intervals  between  the  ordinates  most  be 
measured  by  the  whole  scale.  The  result  will,  of  course,  be  the  vjhole 
displacement  instead  of  half  the  displacement. 

In  the  examples  of  the  calculations  now  given  for  the  water-lines 
of  the  Kriemhilda  the  first  column  of  figures  merely  represents  the 
numerical  distinction  of  the  ordinates;  the  second  column  represents  the 
lengths  of  the  ordinates  measured  by  a  scale  from  the  middle  line  of  the 
half-breadth  plan  to  the  point  where  the  ordinates  cut  the  curve  of  the 
particular  water-line  whose  area  is  being  calculated.  Under  the  head  of 
^'  even  ordinates  "  will  be  found  those  ordinates  whose  stations  from  No.  1 
are  even  numbers,  as  2,  4,  6,  Ac. ;  the  "  odd  ordinates ''  are  those  whose 
stations  are  odd  numbers,  as  3,  5,  7,  &c.  It  will  be  seen  that  the 
respective  lengths  of  these  even  and  odd  ordinates  are  added  together,  and 
the  two  sums  are  multiplied  by  4  and  2  respectively,  in  accordance  with 
Simpson^s  First  Rule.  The  further  operation  is  sufficiently  explained  in 
the  tables  given. 

It  will  be  noted  that  when  No.  6  water-line  is  arrived  at  the 
change  alluded  to  above  is  made  in  the  numbering  of  the  ordinates,  and  a 
further  change  is  made  at  No.  7  water-line.  This  change  is  made  because 
— owing  to  the  rounding  up  of  the  fore  foot  and  the  rounding  away  of  the 
rudder — ^the  lower  water-lines  are  much  shortened.  In  the  case  of  No.  6 
water-line  the  ordinate  numbered  1  at  the  stem  and  the  ordinate  numbered 
17  at  the  rudder  are  dropped  altogether.  The  other  ordinates  remain 
exactly  the  same,  excepting  that  they  are  renumbered — ^No.  2  ordinate  of 
the  L.W.L.  becomes  the  No.  1  of  the  sixth  water-line.  No.  3  ordinate  is 
No.  2,  and  so  on.  In  the  case  of  No.  7  water-line  a  further  ordinate  is 
dropped  at  the  stem,  but  none  at  the  stern ;  the  ordinates  have  to  be 
renumbered,  and,  as  their  total  will  be  fourteen,  the  Trapezoidal  Bale, 
instead  of  Simpson^s  First  Rule,  will  be  used.  In  general  practice  it 
will  not  be  found  necessary  to  renumber  the  ordinates,  as  the  small 
volume  added  by  assuming  all  the  water-lines  to  be  of  the  same 
length  as  the  L.W.L.  can  easily  be  estimated  when  the  calculation  is 
completed. 

In  the  calculations  which  follow  the  method  of  determining  the 
centre  of  gravity  of  the  load  water  plane  is  given.  There  is  but  httle 
object,  however,  in  knowing  its  position,  although  it  has  been  the  practice 
of  some  designers  to  find  the  centre,  and  arrange  the  centres  of  succeeding 
water-lines  below,  according  to  some  rule.  The  rule  would  be  of  value  as 
s,  means  of  comparison  if  no  other  method  existed,  but  comparisons  as  to 
form  can  be  made  by  easier  and  more  reliable  methods,  as  we  have  already 
shown. 
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Area  and  Centbk  of  (Iravity  of  Load  Water  Plank  or  Line 

OF  Flotation. 

It  will  be  seen  that  the  lengths  of  the  ordinates  are  put  into  a  column 
opposite  the  numbers  or  station  1,  2,  3,  4,  &c.  Those  which  come  opposite 
the  even  numbers,  such  as  2,  4,  6,  8,  &c.,  are  added  together  and  multiplied 
by  4,  and  those  which  come  opposite  the  odd  numbers  of  3,  5,  7,  9,  &c., 
are  multiplied  by  2  ;  the  two  products  are  then  added  together  (with  the 
sum  of  the  end  ordinates)  and  multiplied  by  ^  (one  third)  the  interval ; 
that  is,  by  oft.  the  interval,  and  then  divided  by  8. 


S  ;       i                    Eykn  Osdinatbs.  Odd  Ordinates. 

li  '    ^S                              2  1-35                                            3  2-75 

g|  -a^                             4  4-20                                             5  5*60 

g|  Sal                            6  6-75                                            7  7-65 

Is  11                               8  8-30                                            9  8-60 

I'S  Y  ^^  8.70                                          11   8-60 

2  c  12   8-28                                           13   7-90 

:: 14  705  15  5-35 

1  0-20  16  .2:75.  Snm  46-45  X 

2  1*35                                 Sum  47-33  x  4  2 

3  2-75  4  

4  4-20 »2-90 


5  5-60  18932 

6  6-75 


7  7-65 

8  8-30 

9  8-60 
10  8-70 


Sum  of  even  ordinateM  x  4  =  189*32 
Sum  of  odd  ordinateR  x  2  =  92*90 
Snm  of  two  end  ordinates *50 


11  8*60                                                                                 282*72 

1 9  g.28                   ^  ^  ^^^*'  <^i8tanoe  the  ordinates  ^            ^ 

j3  ,.^  ;                 areapart    ^^^^ 

15  I     5*35  471-20  =  half  area  of  load  water 

16  !     2*70  plane  in  square  feet. 

17  I     0-30  . 


471-20 
Mean  half  breadth  of  ordinates  =  — «jr-  =  5-89ft. 

But  a  better  plan  than  this  is  to  multiply  the  ordinates  by  4 
and  2  as  they  stand  in  their  respective  columns,  but  care  must  be 
taken  that  4  is  placed  opposite  the  even  numbers  and  2  opposite  the  odd 
numbers. 

The  cubic  contents  of  the  keels  of  modem  yachts  must  be  calculated 
separately. 

The  centre  of  gravity  is  found  as  follows :  Another  column  is  added 
to  the  right,  as  shown  (page  340),  for  the  multipliers  1,  2,  3,  4,  5,  6,  Ac, 
always  recollecting  that  0  comes  opposite  No.  1.  The  "first  products,"  are 
multiplied  by  1,  2,  8,  4,  5,  6,  &c.,  and  placed  in  another  column  to  the  right 
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termed  moments.     These  moments  are  added  together  and  divided  by  the 
total  sum  of  the  "  first  products. 


2430*72 

In  this  case  »oo.>,o  =  8*597,  the  quotient 


282-72 


8'597  is  multiplied  by  the  longitudinal  interval,  and  the   product  is  the- 
distance  the  centre  of  gravity  is  from  No.  1  station. 


^1 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


0-20 
1-35 
2-75 
4-20 
5-60 
6-75 
7-65 
8-30 
8*60 
8-70 
8-60 
8-28 
7-90 
7-05 
5-35 
2-70 
0-30 


11 


1 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
1 


J 


0-20 
5-40 
5-50 
16-80 
11-20 
2700 
15-30 
33-20 
17  20 
34-80 
17-20 
3312 
15-80 
28-20 
10-70 
10-80 
0-30 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


282-72 

5 

)2430-72(8-51 

2261-76 

3)1418-60 
471-20 

168-960 
141-860 

27-6000 
25-4448 

2-15520 
1-97904 

-17616 

5  J 


000 

5*40 

1100 

50-40 

44*80 

13500 

91-80 

232-40 

137-60 

313-20 

172-00 

364-32 

189-60 

366-60 

149-80 

162-00 

4-80 


8-597  multiplied  by  the  interval  (5ft.)  between  the  sections  gives  the- 
distance  the  centre  of  gravity  of  the  plane  is  from  No.  1  section. 


8*597  X  5n.  long,  inter. 
5 


42-985ft.  -  distance  the  centre  of  gravity  the  L.W.L.  is  aft  No.  1  section 
(fore  side  of  the  stem  in  this  instance). 


Displacement  by  Horizontal  Sections  or  Water-links. 

The  half  area  of  the  load  water  plane  has  been  already  calculated,  aud 
the  half  areas  of  the  other  water-lines,  or  water  sections,  or  planes,  as  they 
are  more  correctly  termed,  must  now  be  proceeded  with.  The  ordinates 
are  measured  and  set  out  in  a  column  just  as  the  ordinates  of  the  load 
water  plane  were ;  but,  as  the  centre  of  gravity  of  the  planes  below  the 
L.W.L.  will  not  be  required,  the  calculation  will  be  more  simple  as  follows : 
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Watbb-line  No.  2. 


Water-line  No.  3. 


i, 

J 

h 

i 

oa 

IP 

If 

III 

|o 

^ 

|5 

^ 

"^ 

^ 

^ 

1 

000 

0-00 

1 

0-00 

2 

110 

4-40 

2 

0-80 

3 

4 
5 

217 
3-45 
4-70 

4-34 

13-80 

9-40 

3 
4 

5 

1-63 
2-60 
3-55 

303-566  »  half  area  of  water- 

6 

5-90 

23-60 

6 

4-57 

the  manner  No.  2  was. 

7 

6-90 

13-80 

7 

5-60 

8 

7-70 

30-80 

8 

6-45 

9 

810 

16-20 

9 

6-95 

10 

8-20 

32-80 

10 

7-00 

11 

810 

16-20 

11 

6-60 

12 

7-55 

30*20 

12 

5-75 

13 

6-66 

13-82 

13 

4-50 

14 

505 

20-20 

14 

2-75 

15 

2-85 

5-70 

14 

115 

16 

0-90 

3-60 

16 

0-55 

17 

0-80 



0-30 

17 

0-30 

238-66 

5 

: 

})1193-30 

397-76  - 

balfarwb. 

Watbe-line  No.  4. 


Water-line  No.  5. 


198-00  =  half  area  of  water- 
line  No.  4. 


1 

0-00 

2 

0-40 

3 

0-75 

4 

110 

5 

1-50 

6 

1-90 

7 

2-20 

8 

2-60 

9 

2-75 

10 

2-70 

11 

2-40 

12 

1-70 

1     13 

110 

14 

0-70 

15 

0-50 

16 

0-40 

17 

0-80 

114-50  »  half  area  of  water- 
line  No.  5  Bimilarly  oalcn- 
hited. 
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Water-line  No.  6. 

In  this  water  plane  only  fifteen  ordinates  are  computed,  Nos.  1  and  17 
having  been  dropped.  It  will  be  seen  that  this  (No.  6)  water-line  com- 
mences at  nearly  the  No.  2  ordinate  of  the  other  water-lines,  and  is  made 
to  end  at  the  No.  16  ordinate;  so  the  reason  for  making  the  change  is 
obvious.  It  will  be  observed  that  the  ordinates  have  to  be  renumbered. 
No.  2  becoming  No.  1,  No.  3  No.  2,  and  so  on. 


IP 

%h 

o 

2 

1 

0-20 

8 

2 

0-45 

4 

8 

0-60 

5 

4 

0-95 

6 

5 

110 

7 

6 

1-30 

8 

7 

1-40 

9 

8 

1-60 

10 

9 

1-20 

11 

10 

0*90 

12 

11 

0-70 

13 

12 

0-55 

14 

18 

0-50 

15 

14 

0-40 

16 

15 

0-80 

59*16  =  half  Area  of  water-line  No  6. 


By  the  Trapezoidal  rule  the  area  of  this  water-line- 
was  found  as  under  : 


Sum  of  iDtermediate  ordinates 11*15 

Half  sum  of  two  end  ordinates    *25 


11-80  X  5ft.  interral. 
5 

59'00=area  in  sqiinre  feet. 


Water-link  No.  7. 

No.  1  oi*dinate  of  this  water-line  is  the  No.  3  of  the  load  water-line. 
The  area  is  computed  by  the  Trapezoidal  rule. 


Sum  of  intermediate  ordinate 
Half  Hum  of  two  end  ordinates 


)M 

600 

s 012 

612  X  5ft. 

30-26  =  half    area  of    water 
line.  No.  7. 

0-60 
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Water-line  No.  8. 

This  water-line  commences  at  No.  6  and  terminates  at  No.  16  in  the 
Sheer  Plan.     The  ordinates  will  be  renumbered  as  follows  : 


III 

1 

III 

^ 

S^s 

5 

^ 

s 

6 

7 

00 

0-2 

8 

0-2 

9 

0-8 

10 

0-3 

11 

0-3 

12 

0-3 

13 

0-2 

14 

0-2 

15 

0-2 

16 

0-0 

21-5 

6 

10-5  =>  Half  area  No.  8. 


Water-line  No.  9. 

This  water-line  will  be  the  underside  of  the  keel  at  No.  13  section 
where  there  is  a  straight  piece  equal  to  3ft.  The  half-thickness  is  0*3ft., 
and  the  area  can  be  put  down  at  1  sq.  ft.  0*3  x  3  =  0'9. 

The  Displacement  and  Centre  op  Buoyancy. 

Having  found  the  half  areas  of  the  various  water-lines^  the  next  step 
in  the  calculations  will  determine  the  displacement,  and  the  calculator  will 
find  that  this  operation  exactly  resembles  the  process  he  has  just  put  the 
water-lines  through  to  compute  their  respective  half  areas. 

The  half  areas  of  the  water-lines,  as  they  have  just  been  found,  must 
be  taken  and  put  into  a  table  as  if  they  were  the  ordinates  of  a  new  curve ; 
these  areas  will  be  in  this  instance  summed  by  Simpson^s  First  Rule,  and 
multiplied  by  ^  the  common  interval  between  the  water-lines.  In  this 
instance  the  interval  is  1ft.  6in.,  or  l*5ft. 

To  find  the  centre  of  buoyancy,  the  several  half  areas  of  the  water- 
lines  will  be  put  into  a  column  nextr  the  products  and  multiplied  by  the 
number  of  their  stations  below  the  load  water-line,  as  shown  in  the  example 
about  to  be  given,  and  the  sum  of  the  moments  thus  arrived  at  will  be 
divided  by  the  sum  of  the  products ;  and  that  quotient  multiplied  by  the 
distance  the  water-lines  are  apart  will  give  the  depth  the  centre  of  gravity 
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of  the  displacement  (centre  of  buoyancy)  is  below  the  load  water-line  or 
plane  of  flotation. 


4' 

n 

ooj 

Products. 

1 

& 

1 

471-20 

1 

471-20 

0 

1591-04 

2 

397-76 

4 

1591-04 

1 

1215-88 

3 

308-97 

2 

607-94 

2 

237600 

4 

19800 

4 

79200 

3 

91600 

5 

114-50 

2 

22900 

4 

1183-20 

6 

5916 

4 

236-64 

5 

367-20 

7 

30-60 

2 

61-20 

6 

294-00 

8 

lQ-50 

4 

42-00 

7 

800 

•      9 

100 

1 

100 

8 

4033-02  . 
l-5ft.  =  distance  water-lines  are  apart  x  ^  1*5 


)7951-32(      1-972 
4032-02        1-5  »  interraL 


2016-010 
4032*02 


3919-300 
3628-818 


-9860 
1-972 


3)6048030 

7)2016-010  cubic  feet. 
5)288-00 


290-4820    2*9580  =  distance 
282-2414  the  centre  of 


8-24060 
4-06404 


57*6  »  balf  displace- ..  ,.^|.^ 
2      ment  in  tons.   '^'^^ 

115-2  »  whole  displacement. 


bnoyancy  is 
below  the 
L.W.L. 


[Note. — ^The  cubic  feet  are  divided  by  7  and  5,  because  35  is  a  multiple 
of  7  and  5^  and  there  are  35  cubic  feet  of  salt  water  in  a  ton.] 

Thus  far  we  make  the  displacement  of  the  Kriemhilda  to  be  115'2 
tons^  but  there  is  still  a  small  portion  of  the  rudder  to  consider.  The  upper 
portion  of  the  rudder  (P)  which  was  not  considered  in  the  calculations  can 
be  safely  disregarded^  as  it  will  very  nearly  balance  the  outlying  piece  that 
was  assumed  to  be  added  to  the  fore  foot  during  the  process  of  calculating 
the  areas  of  the  first  five  water-lines.  The  piece  of  rudder,  however, 
between  Nos.  16. and  17  sections,  and  Nos.  5  and  7  water-lines,  must  be 
calculated.  For  this  purpose  refer  to  the  rule  illustrated  by  Fig.  143, 
page  325. 

The  dividing  ordinate  A  measures  4ft.,  B  5ft.,  C  2ft. : 

A 4ft.  x  4  B 5- 

4  C. 


16  Sum  of  two  end  ordinates. 

Snm  of  dividing  ordinate  ; 


2* 

...  =    7- 
4  »  16* 


The  mean  thickness  of  the  piece  is  0-3ft.,  then  11*5 

3 

3-45 


23*    X 
1-5 

i  interval  of  l-5ft. 

11-5 
23* 

3)34-5 

11*5- 

area 

That  is,  3-45,  or  say  3-5  cubic  feet,  or  01  ton,  as  ^  =  O'l  to  be 
added  to  the  displacement,  making  the  total  115*3  tons. 


Calculating  the  Displacement. 
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If  the  displacement  had  been  calculated  without  the  keel^  say  to 
No.  7  water-line,  there  would  be  still  the  keel  to  calculate.  Take  the  scale 
:and  measure  the  water-line.  No.  7,  from  the  fore  foot  to  the  back  of  the 
rudder  where  the  latter  is  cut  by  the  water-line ;  this  length  will  be  found 
to  equal  68ft. ;  divide  this  length  into  four  equal  intervals  of  17ft.  each, 
and  number  them  as  shown  on  the  dotted  lines,  yi,  y^  y^  y^  yj.  Treat 
these  dotted  lines  as  ordinates,  and  sum  them  according  to  Simpson's  First 
Rule.  As  the  ends  at  the  fore  foot  and  rudder  go  off  to  a  "  feather  *'  edge, 
no  measurements  can  be  put  down  for  1  and  5  ordinates. 


%«  5 

oS 

■  S 

5^1 

%J 

^S 

51 

1 

00 

2 

1-5 

3 

2-5 

4 

80 

5 

00 

1-6 
30 

4*5 

4 

180 
50 

280  X  \  17ft. 
17' 

1610 
230- 


2-5 


5-0 


8)3910 
180-8  » 


The  mean  thioknesB  of  the  dead  wood  is  0'6ft.,  then  130*8 

5 


6515  onbio  feet  »  1*8  ton. 


That  is,  65*15  cubic  feet,  or  1*8  tons,  have  to  be  added  to  the  displace- 
ment, to  which  add  4*6ft.  for  the  piece  of  rudder. 


65*15 
85 

68*65  cubic  feet  to  be  reduced  to  tons. 


7)68*65 
5)9*80 

1*98  tODB. 


That  is,  1*98  tons  have  to  be  added  to  the  displacement  of  the  vessel 
±0  No.  7  water-line,  found  to  be  113*25  tons. 

113*25 
1*98 

115*23  =  total  diaplaoement  of  the  Kriemhilda. 


K  the  under  side  of  the  keel  forms  a  perfectly  straight  line  from 
the  stem  post  to  the  fore  foot  (where  the  latter  is  intersected  by  the  lower 
water-line),  the  keel  portion  of  the  vessel  can  be  treated  as  a  wedge,  and 
its  volume  found  by  multiplying  the  area  of  the  base  (or  thick  end  at  the 
stem)  by  half  the  perpendicular  height  or  length.  Thus,  treating  the 
under  side  of  Kriemhilda's  keel  as  ^^straight,'*  we  have  the  following  sum. 
Per  area  of  base  of  wedge — 


346  Yacht  Architecture. 


Depth  of  keel  at  atern 3ft. 

Mean  width      ditto 0-6 

1*8  =  area. 
h  68ft.  len^rth  =  84 

72 
54 

61-2  oubio  feet. 

The  error  by  this  rale  for  Kriemhilda  will  thus  be  under  4  cubic  feet 
— no  serious  matter ;  stilly  when  there  is  no  great  difference  in  the  amount 
of  labour^  it  will  always  be  best  to  use  those  rules  which  yield  a  minimum 
of  error. 

In  ordinary  cases  it  would  be  unnecessary  to  regard  the  slight 
difference  the  buoyancy  represented  by  the  volume  of  the  keel  would  make 
on  the  position  of  the  centre  of  buoyancy ;  but  in  the  case  of  modem  yachts 
with  fin  or  bulb  keels,  the  centre  of  gravity  of  the  whole  mass  should  be 
found  by  the  example  shown  on  page  131,  and  gfiven  in  detail  on  page  352. 

The  centre  of  gravity  of  the  keel  must  be  first  found.  To  do  this, 
treat  its  vertical  fore  and  aft  section  as  a  parabola,  with  the  seventh  water- 
line  as  its  base.  The  centre  of  gravity  of  a  parabola  is  |-  of  its  perpen* 
dicular  from  the  base.  Presuming  the  under  side  of  the  keel  to  be  straight, 
its  centre  of  gravity  could  be  readily  found  in  the  manner  the  centre  of 
gravity  of  a  triangle  is  determined.  However,  in  this  case  we  must  take 
the  parabolic  form,  and  the  calculation  will  be  sufficiently  correct  for 
practical  purposes. 

The  perpendicular  of  the  parabola  is  8ft.,  f  of  which  =  3 

2 

5)6 

l'2ft. 

That  is,  the  centre  of  gravity  of  the  keel  is  r2ft.  below  the  seventh 
water-line ;  its  distance  below  the  load  water-line  will  therefore  be  10'2ft, 
seeing  that  the  seventh  water-line  is  Oft.  below. 

Multiply  the  distance  the  centre  of  gravity  of  the  keel  is  from  the 
centre  of  buoyancy  by  the  contents  of  the  keel,  and  divide  by  the- 
whole  displacement.  (C.B.,  for  the  displacement  to  the  No.  7  water- 
line  =  2-83ft.  below  L.W.L.) 

7*36  =  distance  centre  of  gravity  of  keel  is  below  C.B. 
1*8    =  contents  of  keel  in  tons. 


5-888 
7-36 

Displacement  11606)13-248(011 
11-506 

Add  this  quotient  (Oil)  to  2*83 
Oil 

1-7420 
1-1506 

•5914 

2-94  «  distance  the    centre   of 
gran^    of    dispUee- 
ment    is    below    the 
L.W.L. 
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Displacement  per  Inch  of  Immersion.'^ 
It  will  always  be  necessary  to  know  what  the  displacement  of  a  vessel 
is  per  inch  of  immersion  at  or  near  the  load  water-Hne ;  that  is^  occasions 
may  arise  when  it  will  be  important  to  ascertain  how  many  inches  a  vessel 
will  be  lightened  or  immersed  by  removing  or  adding  any  given  weight. 
This  can  only  be  ascertained  by  knowing  the  vessel's   displacement  per 
inch  of  immersion  at  the  L.W.L.    The  rnle  is  a  very  simple  one  :  Take  the 
total  area  of  the  L.W.L. — equal  942*4  square  feet  in  Kriemhildar— divide- 
by  12  and  85.     Thus  : 
12)94.2-4 
7x5  =  35.     7)7853 
5)11-22 

2*24  tons  =  displAoement  of  Eriemhilda  per  inch  of  immersion. 
at  L.W  Ji. 

Having  found  the  displacement  of  the  Kriemhilda  per  inch  of  immer- 
sion, it  is  easy  to  ascertain  how  much  she  would  be  further  immersed  on 
coming  from  salt  into  fresh  water.  Kriemhilda's  displacement  =  115*06 
tons ;  her  displacement  per  inch  of  immersion  =  2*24  tons.  The  weight  o£ 
fresh  water  is  about  -^  less  than  that  of  salt  water. 


11506 
2-24    X    40 

2-24 
40 

89-60 

89-60)11506(l-28in. 
89-60 

25-460 
17-920 

7-5400 
7-1680 

•3720 

That  is,  the  Kriemhilda  would  float  a  little  more  than  l^in.  deeper  in- 
fresh,  or  river,  water  than  she  would  in  salt.  Taking  clean  fresh  water  and 
clean  salt  water  the  displacement  in  cubic  feet  is  -^  (one  fortieth)  greater 
in  fresh  water  that  in  salt. 

*  The  following  rough  rale  will  give  the  displacement  per  inch  of  immersion,  and  be  accurate 
enough  for  ascertaining  the  weight  of  ballast  to  remove  to  lighten  the  yacht  one  inch,  or  to  put 
in  to  deepen  her :  Multiply  the  length  on  the  load-line  by  the  breadth  on  the  load-line  and  divide 
the  product  by  600.  ( ~ooo~)  ^^®  quotient  will  be  the  weight  in  tons  or  fractions  of  a  ton. 
This  rule  would  hold  good  for  the  load-line  if  the  yacht  were  lightened  more  than  three  or 
four  inches  or  deepened  to  that  extent.  The  rule  is  based  on  the  assumption  that  the  area  of  the 
load  water-line  or  any  water-line  is  0*7  of  the  circumscribing  parallelogram  formed  by  length 
and  breadth.  That  is  to  say,  the  lengrth  and  breadth  multiplied  together  and  again  multiplied 
by  0'7  will  (approximately)  give  the  area  of  the  water-line.  Divide  this  product  by  12,  and 
l^e  area  is  reduced  to  cubic  feet,  and  divide  again  by  35  and  the  quotient  wiU  give 
tons  or  fractions  of  a  ton.  By  this  rough  rule  the  displacement  per  inch  at  any  i>art  of  the 
hall  of  the  vessel  (if  the  measurements  are  taken  at  the  part)  can  be  found  approximately 
/L  X  B  X  'Tn  __  /'L  X  B.\ 
\      12X.35    '^       V-600~/ 

The  rule  can  be  illustrated  by  the  case  of  Kriemhilda— 79'5ft.  on  L.W.L.,  and  17'2ft.  breadth 

on  L.W.L. 

79*5  X  17*2 

— =2*279  tons  per  inch  of  immersion  at  the  L.W.L. 
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Displacement  by  Vertical   Transvbebb    Sections  and  the  Longitudinal 
Position  op  the  Centre  op  Buotancy. 

In  the  preceding  calculations  it  was  shown  how  the  centre  of  gravity 
of  displacement  is  determined  with  regard  to  its  depth  below  the  L.W.L. ; 
but  ordinarily  it  is  more  important  to  know  its  position  in  a  longitudinal, 
or  fore  and  aft,  direction,  as  the  relative  fulness  or  fineness  of  the  fore- 
body  and  after-body  can  be  estimated  if  the  longitudinal  position  of  the 
centre  of  buoyancy  be  known,  also  the  position  to  place  the  lead  keel 
(see  page  8). 

To  determine  the  longitudinal  position  of  the  centre  of  buoyancy,  the 
displacement  must  be  calculated  over  again  by  vertical  transverse  sections 
instead  of  horizontal  sections  or  water-lines,  and  this  will  further  serve  as 
a  check  upon  the  first  calculation. 

In  selecting  the  ordinates  from  the  tables  used  for  the  water-lines 
to  use  for  the  transverse  vertical  sections^  care  must  be  taken  to  not« 
if  the  ordinates  underwent  any  change  in  numbering,  as  the  sixth  and 
seventh  water-lines  did  in  this  example;  but  as  a  rule  it  will  be  better 
to  take  the  measurements  from  the  drawing,  as  this  will  serve  as  a  check. 

No.  1  section,  it  will  be  seen,  is  the  fore  side  of  the  stem,  and,  unless 
the  stem  be  an  upright  one,  no  area  can  be  put  down  for  No.  1  section. 
If  the  stem  be  vertical,  the  area  of  its  half-siding  must  be  computed  as  a 
section. 

It  will  be  noted  that  the  distance  these  ordinates  are  apart  is 
necessarily  the  distance  the  water-lines  are  apart. 


Section  2. 


1-35 
1-10 
0-80 
0-55 
0-4.0 
0-30 
000 


3BS 

1 

1-85 

4-40 

1-60 

2-20 

0-80 

1-20 

0-00 

11 '55  X  i  difltanoe  the  oidinateM 
1*5        (water-lines)  are  apart. 

5-775 
11-55 


3)17825 
5-775 


half  area  in  square  feet. 
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Section  3. 


.1 


2-75 
217 
1-63 
110 
0-75 
0-45 
0-25 


2-75 
8-68 
3-26 
4.-40 
1-50 
1-80 
0-25 

22*64  X  ^intervaU 
1-5 


11-320 
22-64 

3)88-960 

11-82  »  half  area. 


Section  4. 


'1 

% 

33s 

i 

1 

1 

4-20 

1 

4-20 

2 

8-45 

4 

13-80 

8 

2-60 

2 

5-20 

4 

1-75 

4 

7-00 

5 

110 

2 

2-20 

6 

0-60 

4 

2-40 

7 

0-35 

1 

0-35 

35- 15  X  i  interval. 
1-5 

17-575 
8515 

3)52-725 

17-57 
Keel  013 

17-70  =»  half  area. 

Upon  reference  to  the  Sheer  Plan,  it  will  be  found  that  the  keel  at 
this  (No.  4  section)  extends  below  the  No.  7  water-line ;  therefore  this 
piece  of  the  keel  to  its  mean  half  siding  (half  breadth)  must  be  calculated 
and  added  to  the  section  (and  the  same  for  the  other  sections — 5,  6,  7,  Ac). 
The  mean  half  siding  is  0-2ft.,  and  the  depth  0-66ft.,  and  '2  x  '66  =.13ft 
Therefore  the  half  area  of  the  section  will  be 


AwatoNo.  7W.L.  =  1757 
Piece  of  keel 013 


17-70  sq.  ft.» 


*  In  modem  yaohta  like  Isolde,  Audrey,  Stephanie,  Ac,  the  same  method  will  have  to  be  followed 
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Section  5. 
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4 
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5 
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6 
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7 
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24-400  =  half  area. 


Sbction  6. 


I 


80-295 
Keel...  0-455 


6-75 
5-90 
4-57 
3-10 
1-90 
110 
0-50 


30-750  ==  half  area. 


Section  7. 


1 

.     1 
2I 

s| 

uat 

Sl    : 

%» 

w 

o 

0 

1 

7-65     1 

2 

6-90     , 

3 

5-60     ' 

4 

3-80     , 

5 

2-20 

6 

1-30     ! 

7 

060 

35-925 
Keel...  0*475 


36-400  =  half  area. 


Section  8. 

Section  9. 
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Section  10. 
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43-700  =^  half  area. 
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Section  12. 
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Section  14. 


7-05 
505 
2-75 
1-20 
0-70 
0-50 
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20-675 
Keel  0-625 

21-300=  half  area. 


Section  15. 
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Section  16. 


5-70 
Keel  0-30 
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Section  17. 
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l^e  half  areas  of  the  various  transverse  or  cross  sections  having  been 
fonnd,  it  remains  to  tabulate  them  for  summation  by  Simpson^s  First  Bule^ 
4is  were  the  half  areas  of  the  different  water  sections. 

The  tables^  it  will  be  seen^  have  been  arranged  according  to  the 
method  previously  adopted. 
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17 
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36-00 

121117 )9935-56( 

X  \  5ft.  5^         9689-36 


3)6055-85 

7)2018-62  -  cubic  ft. 

5)288-39 

57-68 
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246*200 
242-234 

3-966 


8-2 
5 

41-0  =the  distance 
the  centre  of 
buoyancy  is 
from  the  stem. 


115*36  tons  displacement. 


352  Yaeht  Architecture. 


This  result  agrees  closely  with  the  volume  of  the  displacement  foand 
by  water-lines. 

[Assiiming   that    the   displacement    by    vertical    sections    had  only 

been  calculated  to  a  plane,  say  at  No.  7  water-line,  the  longitudinal  position 

of  the  centre  of  gravity  of  the  keel  would  have  to  be  ascertained.    To 

accomplish  this  the  keel  would  be  divided  into  a  convenient  number  of 

vertical  sections,  and  the  centre  of  gravity  found  in  the  manner  that  the 

centre  of  buoyancy  has  been.     The  centre  of  gravity  of  the  keel  was  found 

to  be  37'68ft.  abaft  No.  3  section,  and  the  centre  of  buoyancy'  40'88ft. 

abaft  fore  side  of  stem ;  thus  the  centre  of  the  keel  would  be  6'8ft.  abaft 

the  centre  of  buoyancy.      The  alteration   to   the   previously  ascertained 

position  of   the  centre  of   buoyancy  would  be  found  by   the   following 

equation.     The  distance  will  be  6-8ft.      Multiply  by  the  volume  of  the 

keel  expressed  in  tons^  and  divide  by  the  whole  displacement  expressed 

in  tons,  thus : 

1*8  s  oontents  of  keel  in  toDB. 

6-8  =  difltenoe  its  CO.  is  from  C.B. 

1-44 
10-8 


-I-  displacement  =  115-86)12-240(01ft. 
11-536 

0-704 

That  is,  the  centre  of  gravity  of  displacement  would  be  O'lft.  further 
aft  than  found  by  the  first  calculation ;  or,  the  centre  of  gravity  of  displace- 
ment of  the  Kriemhilda  is  40'98ft.  abaft  the  fore  side  of  the  stem  instead 
of  40-88ft. 

By  the  previous  calculation,  which  included  the  keel  in  the  sections, 
it  was  found  to  be  41ft.  abaft  the  fore  side  of  stem.  However,  when 
practicable  the  vertical  tran^verne  sections  should  always  inclvde  the  JceelJ] 

CO-BFPICIENT   OF   FINENESS. 

The  co-eflQcient  of  fineness  is  the  proportion  of  the  actual  bulk  of  a 
body  to  what  the  bulk  would  be  if  the  figure  were  a  rectangular  solid  or 
parallelopipedon  of  the  same  extreme  length,  breadth,  and  depth ;  or  tbe 
ratio  of  the  actual  area  of  a  plane  to  the  area  of  the  parallelogram  found 
by  its  extreme  length  and  breadth. 

The  co-eflBicient  of  displacement  is  thus  found  : 

Co-efficient  =  ^-^^^-^^^'^^ 

Length  x  breadth  x  mean  draught. 

The  co-efficient  of  a  plane  with  a  curved  outline  will  be  found  from  : . 

Co-efficient  =  ^^'^L^^ 
Length  x  Breadth. 
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The  Displacement  Sheet. 

As  already  explained,  it  is  usaal  to  rale  paper  to  tabulate  the  ordinates 
on  what  is  termed  a  "displacement  sheet,"  so  that  read  one  way  they 
represent  the  horizontal  sections,  and  the  other  the  ordinates  of  the  vertical 
sections.  When  large  series  of  calculations  have  to  be  made,  time  is  saved 
by  this  method ;  but,  in  order  to  make  the  sabject  as  clear  as  possible,  the 
calculations  of  the  horizontal  and  vertical  sections  have  been  separated  in 
the  foregoing  examples,  and  those  who  only  require  occasionally  to  make 
such  calculations  will  find  it  more  convenient  to  follow  these  methods, 
ruling  a  small  memorandum  book  in  much  the  same  way  as  found  in  the 
text. 

The  displacement  sheet  is  ruled  as  shown  in  the  example  now  given. 
The  lengths  of  the  ordinates  are  entered  in  the  table  in  thick  black  figures 
(or  say  in  red  ink  in  practice) ,  and  are  taken  from  the  half  breadth  plan  of 
Kriemhilda  (Plate  X.),  but  it  will  be  noted  that  every  other  ordinate  has 
been  omitted,  so  that  the  intervals  are  8  instead  of  16.  Also  only  one  place 
for  decimals  has  been  kept.  In  noting  the  result  of  the  calculations  it  will 
be  found  to  be  almost  identical  with  the  more  elaborate  operation  previously 
described. 

The  ordinates  read  transversely  make  the  vertical  sections.  "  Simpson's 
multipliers"  will  be  found  in  the  top  line  above.  As  each  ordinate  is 
multiplied  the  product  is  entered  under  the  black  figures  (in  practice  these 
products  could  be  entered  in  blue  ink) . 

After  all  the  ordinates  have  been  multiplied  the  products  are  added 
together  and  entered  in  blue  ink  in  a  column  to  the  right,  headed 
''  Products  for  displacement "  These  last  products  are  all  added  together, 
and  this  sum  (1215*5)  is  multiplied  by  ^  the  longitudinal  interval,  10ft.  in 
this  case  (that  is,  multiplied  by  10  and  divide  by  3).  Next,  multiply 
by  ^  the  vertical  interval  or  space  between  the  water-lines,  l'5ft.  in  this 
case.  (Multiply  by  15  and  divide  by  3).  The  result  is  the  i  displacement 
in  cubic  feet,  which,  multiplied  by  35  (or,  7x5=  35),  gives  the  i  displace- 
ment in  tons. 

The  fore  and  aft  position  of  the  centre  of  buoyancy  is  found,  as  shown 
by  multiplying  the  "Products  for  displacement'^  by  numerals,  which 
operation  gives  the  moments  set  out  in  the  last  column  to  the  right.  This 
operation  is  exactly  similar  to  that  described  previously  for  calculating  the 
centre  of  gravity. 

The  sum  of  the  moments  is  4996*8,  which  is  divided  by  the  sum  of 
the  •*  products  for  displacements  ^'  1215*5.     The  quotient  4*1  is  multiplied 
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by  10  the  longitudinal  interval,  and  the  product  is  the  distance  in  feet  the 
C.B.  is  from  the  foreside  of  stem,  or,  to  speak  more  correctly,  from  No.  1 
station. 

Simpson's  multipliers  for  the  water-lines  are  in  the  vertical  column 
— second  on  the  left  of  the  sheet.  As  the  ordinates  are  multipKed 
the  products  are  entered  by  themselves  in  the  spaces  on  the  right  in 
black  ink ;  and  when  added  together  the  sums  are  entered  at  the  foot 
of  the  vertical  colunm  in  the  line  "  Products  of  ordinates  of  water- 
lines/' 

These  products  are  in  turn  operated  upon  by  another  set  of  Simpson's 
multipliers  and  entered  in  the  spaces  below.  They  are  subsequently 
taken  out  and  summed  in  the  manner  shown  in  the  left-hand  lower 
comer. 

The  multipliers  for  the  position  of  C.B.  below  the  load  water-line 
are  entered  in  the  horizontal  row  below  the  "products  for  areas,"  and 
are  in  turn  summed  as  shown  in  the  left-hand  lower  corner.  The 
sum  is  2427*6,  which  is  divided  by  the  sum  of  the  areas  1215'5.  The 
quotient  19*9  is  multiplied  by  the  space  between  the  water-line  =  l'5ft., 
and  the  product  2*985ft.  is  the  distance  the  C.B.  is  below  the 
L.W.L. 

The  area  of  the  load  water-plane  and  area  of  midship  section,  &c., 
are  found  as  shown.  Usually  also,  the  displacement  scale  is  calculated 
on  the  sheet  from  the  areas  of  the  water-lines.  Sometimes,  also,  the  meta- 
centre  is  calculated,  the  cubes  of  the  ordinates  of  the  load  water-line 
being  entered  in  a  colunm  to  the  extreme  right,  and  operated  upon  as 
shown  farther  on.  However,  the  sheet  as  shown  contains  all  the  usual 
calculations. 

Curve  of  Displacement  o&  Curve  op  Areas  op  Sections. 

It  is  usual  to  show  the  "form"  of  the  displacement  by  a  curve  of 
sectional  areas.  This  is  a  very  simple  operation.  Project  a  base-line, 
A  B,  Fig.  157,  to  scale,  to  represent  the  length  of  load-line,  which  might 
include  the  portion  of  rudder  projecting  beyond  the  aft  end  of  the 
load-line.  On  this  line  set  up  ordinates  at  the  proper  stations  for  the 
vertical  sections.  Next  take  the  half  (or  whole)  area  of  each  vertical 
section  and  divide  it  by  some  convenient  number.  In  the  case  of  Kriemhilda. 
the  half  sections  were  taken  from  the  table  on  page  851,  and  divided  by  5 
Thus  the  area  of  No.  2  section  in  5* 77  sq.  ft.,  which,  divided  by  5,  gives 
l'15ft.,  which  is  set  off  on  its  proper  ordinate  to  the  same  scale  as  the 
line   A  B.     When  all  the  sections  have  been  so  treated  and  set  off  on 
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their  respective  ordinates^  a  batten  is  taken^  and  the  curve  drawn  through 
the  points  as  shown  in  Fig.  157. 
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Fig.  157. 


Sometimes  a  wave  curve  is  drawn,  and  the  areas  of  the  various 
sections  in  a  design  are  made  to  accord  with  the  readings  taken  off  the 
ordinates  by  the  same  scale  [ante  the  "  Wave  Form  ^'  theory). 


Scale  of  Veetical  Displacement. 

The  scale  of  displacement  is  intended  to  show  the  displacement  of  a 
vessel   to   any   given   line   of   flotation.      The    curved   line  A  (Fig.    158) 
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S99i%€  for  displacement  apd  am  ef  Mkiahip  Section, 

A.Cun^e  fbr  dispJbeement 

it.  Curve  for  Wdehip  Section 

C.  Scale  ofton^  for  diaphcement  end 

square  feet  fbr  area  of  Hidehip  Section 
B^Scele  of  feet  ibr  dreu^  ef  Mvter 


Fig.  158. 


represents  the  growth  of  the   displacement  from  the  keel  upwards;  the 
vertical  scale  B  represents  the  draught  of  water;  the  horizontal  scale  C 
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represents  tons.  To  find  the  displacement  to  any  given  draughty  draw  an 
ordinate^  E^  at  right  angles  to  the  perpendicular^  D^  from  a  point  opposite 
the  reqnired  draught ;  from  the  point  where  the  line  B  intersects  the  curve 
A,  draw  a  line,  F,  at  right  angles  to  E  and  parallel  to  D  ;  the  point  where 
this  line  meets  the  scale  of  tons  will  show  the  displacement  in  tons. 

On  Fig.  158  the  horizontal  lines  shown  on  the  scale  represent  the 
water-lines,  and  are  l'5ft.  apart. 

To  construct  the  curve  A  the  displacement  must  be  calculated  to  a 
series  of  water-lines,  and  there  are  several  rules  for  doing  this.  The  most 
obvious  plan  is  to  calculate  the  displacement  to  each  water-line  by  the  rules 
already  explained  for  calculating  the  displacement  by  horizontal  sections  or 
water-lines.  But  in  most  cases  it  will  be  found  that  the  simplest  plan  is  to 
use  a  combination  of  rules. 

For  instance,  to  find  the  displacement  to  No.  2  water-line  of  Kriem- 
hilda — that  is,  to  the  water-line  1ft.  2in.  below  the  load  water-line — it  is 
not  necessary  to  calculate  the  displacement  to  that  line  from  the  keel 
upwards,  as  by  the  rule  explained  (page  354)  the  volume  contained  in 
the  space  between  No.  2  water-line  and  the  load  line  can  be  calcu- 
lated; having  found  this  volume,  it  will  be  subtracted  from  the  whole 
displacement,  and  thus  the  displacement  to  No.  2  water-line  will  be 
arrived  at. 

The  rule  will  be :  Multiply  the  area  of  the  L.W.L.  five  times  ;  multiply 
the  area  of  the  second  W.L.  eight  times ;  add  these^two  products  together, 
and  from  their  sum  subtract  the  area  of  the  third  W.L. :  multiply  the 
remainder  by  ^V  ^be  interval  between  the  water-lines,  and  the  product  will 
be  the  required  volume  contained  in  the  space  between  No.  2  W.L.,  and 
the  L.W.L. 

For  the  Kriemhilda  we  have  the  following  quantities :  (It  must  be 
noted  that  only  the  half  areas  of  the  water-lines  are  here  taken.) 


Half  area  of  L.W.L. 

«  471-2  sq. 
5 

ft 

X5. 

2356 

Half  area 

of  No.  2  W.L.  X 

8=    397-76  X 
8 

8. 

+  Half  area 

818208 
L.W.L. »  471-2  X  5  =  2856- 

-Half  area 

of  third  W.L.  .. 

5538-08 
303-57 

5234-51  X 
1-5 

TVl-Sft.  interval. 

2617-255 
5234-51 

12)7851-765 

654-313 

Scale  of  Displaeement.  h57 

This  quantity  =  654*31  cubic  feet  must  be  reduced  to  tons  by  the 
divisor  35  (7  x  5=  35). 

7)654-81  -*-  36. 

5)93-47 

18-69  =s  ^  Yolume  in  tons,  whiob  +  2. 
2 

37-38 

That  is,  the  volume  of  the  layer  between  No.  2  and  the  load  water-line 
equals  37*38  tons ;  this  quantity  subtracted  from  the  whole  displacement 
gives  the  displacement  to  No.  2  water-line  thus  : 

115-25  tons  ==  whole  displacement. 
37-38 

77-87  tons  =  displacement  to  No.  2  water-line. 

Measure  the  draught  (always  taken  from  the  lowest  point  of  the  keel) 
on  the  scale  of  feet  to  the  second  water-line ;  from  this  point  draw  the 
ordinate  {see  E,  Pig.  158)  which  will  represent  the  second  W.L. ;  then 
find  out  77*87  tons  on  the  scale  of  tons,  and  let  fall  a  perpendicular  (see 
F,  Fig.  158)  from  the  point;  the  intersection  of  the  ordinate  B  and 
perpendicular  will  give  a  point  in  the  curve. 

The  displacement  to  No.  3  water-line  must  be  found  by  Simpson^s 
First  Rule,  thus  (for  the  purpose  of  this  calculation  No.  3  is  treated  as 
No.  1  water-line)  : 

HAI.F  Abba. 

No.  3  W.L 305-57  X  1  =  30557 

4  „      198-00  X  4=  79200 

5  „      114-50  X  2  =  229-00 

6  „      5916x4  =  236-64 

7  „      30-60  X  1  =    3060 

1593-81  X  i  interval  l-5ft. 
1-5 

796-905 
1593-81 

3)2390-715 

7)796-905  =  cubic  feet. 

5)113-843 

22-768  =  i  volnme  x  2. 
2 

45-536  tons. 

Thus  the  displacement  to  the  third  water-line  equals  45-536  tons.  The 
draught  to  the  third  water-line  must  be  found  as  before,  and  a  perpen- 
dicular let  fall  from  the  scale  of  tons  at  the  point  45*36  tons.  The 
intersection  of  the  ordinate  drawn  from  the  scale  of  feet  to  the  perpendicular 
from  the  scale  of  tons  will  give  another  point  in  the  curve. 
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The  displacement  to  tlie  fourth  water-line  must  be  found  by  an 
application  of  Simpson^s  Second  Rule  {see  page  323),  tabulating  the  half 
areas  of  the  water-lines  as  before,  commencing  with  No.  4  as  No.  1. 

No.  4  W.L 198-00  x  1  =  19800 

5  „      114-50  X  3  =  843-50 

6  „      59-16x3  =  177-48 

7  „      30-60  X  1  =    30-60 

749-58  X  f  interval  of  l-5ft. 
1-5 

374-790 
749-58 

1124-370 
3 

8)3373-110 

7)421-638  =  cubic  feet. 

5)60-234 

12  046  =  i  Yolnme  x  2. 
2 

24092  tons. 

The  displacement  to  No.  4  water-line  thas  equals  24*092  tons,  and  to 
get  a  point  for  the  curve  the  calculator  must  proceed  as  before. 

To  arrive  at  the  displacement  to  No.  5  water-line  a  rule  founded  on 
Simpson^s  First  Rule  must  be  taken. 


No.  5  W.L 

6     „      .... 

114-50  X  1  =  114-50 

59-16  X  4  s  236-64 

7     „      .... 

....     30-60  X  1  =»    30-60 

•  381-74  X  i  interval  of  l-5ft. 
1-5 

190-870 
381-74 

3)572-610 

7)190-870  =  cubic  feet. 

5)27-267 

5-453  -  i  volume  x  2. 
2 

10-906 

The  displacement  to  the  fifth  water-line  equals  10*906  tons,  and  the 
point  for  the  curve  must  be  found  as  before  described. 

The  displacement  to  the  sixth  water-line  will  have  to  be  found  by  the 
rule  used  to  calculate  the  displacement  to  the  second  line.  To  five  time* 
the  area  of  the  fifth  water-line  add  eight  times  the  area  of  the  sixth  water- 
line;  from  this  sum  subtract  the  area  of  the  seventh  water-line,  and 
multiply  by  -^  the  interval  between  the  water-lines.  The  product 
will   be   the  volume  contained   in  the  slice  between  the  fifth  and  sixth 
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water-lines.  Subtract  this  quantity  from  the  displacement  to  the  fifth 
water-line^  and  the  remainder  will  be  the  displacement  to  the  sixth 
water-line. 

Fifth      W.L.  «  114-50                                    Sixth  W.L.  =  59'16 
5  8 

572-50  473-28 

478-28 

1045-78 
Seventh  W.L.        80-60 

1015-18  X  tV  interval  l-5ft. 
15 

507-590 
101518 

12)1522770 

7)126-897  +  85. 

5)18-128 

3-625  s  i  volume  X  2. 
2 

7-250  tons. 

Subtract  7*250  from  10-906 
7-250 

8-056 

Thus  we  find  that  the  displacement  to  No.  6  water-line  is  3*656  tons 
and  this  quantity  must  be  used  to  get  a  point  in  the  curve. 

No  further  calculation  is  necessary^  as  the  displacement  to  No.  7 
water-line  is  abready  known  by  the  calculation  for  the  keel.  The 
curve  will  radiate  from  the  perpendicular  D  at  a  point  representing 
the  under  side  of  the  keel,  and  a  batten  bent  to  the  ^^ points^'  formed 
by  the  intersection  of  the  ordinates  which  were  projected  from  the  scale 
of  feet,  and  the  perpendiculars  dropped  from  the  scale  of  tons,  will 
enable  the  calculator  to  complete  the  operation  by  sweeping  in  the 
curve. 


Curve  of  Immersion  op  Midship  Section. 

Upon  reference  to  the  half  breadth  plan  of  Eiiemhilda  it  will  be  seen 
that  a  slightly  larger  section  could  be  obtained  between  No.  9  and  No.  10 
ordinates  than  either  of  the  sections  produced  in  the  body  plan  from  the  half 
breadths  at  No.  9  and  No.  10  sections.  This  would  be  the  midship  section, 
and  its  area  must  be  calculated.  In  the  representation  of  the  Kriemhilda^s 
body  plan  (Fig.  159)  farther  on,  the  midship  section  is  drawn  and 
marked  in  the  usual  way  by  the  symbol  Jj^,  and  is  situated  midway  between 
No.  9  and  No.  10  sections.  In  the  case  of  the  Kriemhilda  the  midship 
section  is  not  considered  in  the  calculations  for  displacement  and  centre  of 
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buoyancy,  but  it  may  be  necessary  to  know  the  area  of  this  the  greatest 
transverse  section. 

It  may  so  happen  that  when  the  position  of  the  midship  section  has 
been  determined  that  its  station  will  come  exactly  right  for  one  of  the 
equal  divisions  of  the  length  of  the  load  water-line.  If  it  does  not  it  will 
be  of  no  consequence  for  the  purpose  of  the  calculations;  but  for 
convenience,  and  to  save  time  and  trouble,  the  drawing  for  the  calcu- 
lations is  generally  so  managed  as  to  serve  for  the  building  draught  as 
well. 

Having  found  the  area  of  the  midship  section,  a  curve  showing  its 
area  for  different  draughts  of  water  will  be  made ;  this  operation  will  be 
analogous  to  the  one  for  making  the  curve  of  displacement,  and  will  be 
performed  by  a  combination  of  rules.  Upon  reference  to  Fig.  158  it  will 
be  noted  that  the  scale,  C,  of  tons  used  for  the  displacement  is  also  used 
for  the  area  of  midship  section,  "square  feet"  being  substituted  for 
"  tons."  The  curve  M  represents  the  growth  of  area  of  the  midship 
section  from  the  keel  upwards.  The  scale  of  feet  for  draught  is  B, 
the  same  as  used  for  the  displacement.  The  scale  C  is  one  of  square 
feet  for  area. 

The  points  for  the  curve  are  obtained  by  the  intersection  of  the  lines 
projected  from  the  scale  of  square  feet,  and  from  the  scale  of  linear  feet  for 
draught. 


Area  of  Midship  Section. 
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To  make  the  curve  for  midsliip  section  {see  M,  Pig.  158)  the  calculator 
must  proceed  as  for  the  displacement,  using  the  ordinates  of  the  section 
instead  of  areas  of  water-lines. 


Galoulatino  th£  Abea  of  Immersed  Subface. 

The  lengths  of  girths  of  each  section  in  the  body  plan  will  be  first 
measured  by  a  pair  of  *'  dividers  ^'  opened  to  represent,  say  one  foot,  on 
the  scale  of  the  drawing.  Or  the  frames  can  be  measured  by  a  spline 
batten  marked  to  the  scale  or  afterwards  applied  to  the  scale.  The 
measurements  will  then  be  operated  upon  as  shown  in  the  example  for 
Kriemhilda.  Next  the  length  of  the  curvature  of  the  water-lines  is 
measured  by  "  dividers  "  in  order  to  obtain  the  mean  distance  the  vertical 
sections  are  apart.  The  distances  the  sections  are  apart  are  increased  in 
an  irregular  manner  if  measured  in  a  direction  with  the  curvature  of  each 
water-line. 

Each  section  or  frame  delineated  on  the  body  plan  of  the  calcu- 
lation drawing  is  measured  from  the  underside  of  the  keel  to  the  load 
water-line.  To  the  length  of  each  frame  is  added  the  half  siding  of  the 
keel. 

The  mean  distance  which  the  frames  are  apart  (measured  in  line  with 
the  curves  of  the  water-lines)  will  be  thus  found :  Begin  with  the  load 
water-line  on  the  half  breadth  plan  and  measure  the  length  of  that  line 
round  its  curve,  beginning  at  No.  1  station  (see  Plate  X.)  at  the  stem  and 
ending  at  No.  17  through  the  rudder.  The  length  of  this  line  will  prove 
to  be  82*5ft.,  and  as  there  are  sixteen  intervals  or  spaces  between  the 

82*5 

frames  the  required  mean  distance  will  be  found  -^  =  5*  156ft.  Thus  the 
intervals  between  the  frames  on  the  curves  of  the  load  water-line  will 
be  5*  156ft.  instead  of  5ft.  The  required  mean  distance  of  interval  for  the 
other  water-lines  will  be  found  in  a  similar  manner ;  but  the  water-lines 
below  No.  2  water-Une  should  be  measured  from  No.  2  station  on 
the  half-breadth  plan,  as  the  lower  water-lines  do  not  extend  so  far 
forward  as  the  load  water-line.  For  a  similar  reason  No.  7  and  No.  6 
water-lines  will  be  made  to  terminate  at  No.  16  station  on  the  half- 
breadth  plan.  The  number  of  intervals  will,  therefore,  in  those  instances, 
be  less  than  16. 

In  calculating  the  area  of  wetted  surface  of  a  vessel  it  will 
be  best,  if  she  has  a  very  much  rockered  keel,  or  fin,  or  fin  bulb  keel, 
to  strike  a  bcise  line  (the  top  of  the  keel  would  do),  and  work  from 
that  for  the  lengths  of  the  frames.  The  area  of  the  keel  or  fin,  &c., 
would  then  be  calculated  separately. 
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Water  Lines. 

4 

# 

Sa 

1 

1 

5156 

1 

5156 

2 

5-142 

4 

20-568 

3 

5133 

2 

10266 

4 

5065 

4 

20260 

5 

5022 

2 

10-044 

6 

5001 

4 

20-004 

7 

5000 

1 

5000 

Frames. 


r  3  the  mean  of  Simpson's 
multipliers 3)91-1 


-h  number  of  interralB 6)30432 

Mean  distance  the  frames  are 
apart-  5-072ft.» 


sf 

II 

ii 

1 

h 

1 

1 

00 

1 

00 

2 

8-4 

4 

33-6 

3 

9-8 

2 

19-6 

4 

11-0 

4 

440 

5 

11-8 

2 

23-6 

6 

12-9 

4 

51-6 

7 

140 

2 

280 

8 

148 

4 

59-2 

9 

154 

2 

30-8 

10 

15-6 

4 

624 

11 

15-7 

2 

31-4 

12 

158 

4 

63-2 

13 

15-4 

2 

30-8 

14 

15-4 

4 

61-6 

15 

152 

2 

304 

16 

120 

4 

48-0 

17 

6-5 

1 

6-5 

-7-  3  mean  of  Simpson's  mnlti- 

pUers   3)6247 

X  5*072  =  mean  distance  that 
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X  2 

Whole  area  of  wetted  sorfaoe  =  1111-9808  sqit 
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If  the  mean  distance  had  been  taken  as  5ft.  instead  of  5'072ft., 
the  actual  mean  distance^  the  result  given  would  have  been  2082  square 
feet,  showing  a  difference  of  30  square  feet. 


*  Instead  of  measuring  the  distance  between  the  frames  along  the  cnrre  of  the  water  lines 
a  rough  role  can  be  used  which  wiU  g^ye  a  very  close  approximation  to  the  aotoal  distance,  {has  -. 


No.  of  Beams  to  Length. 

Addition  per  Foot  of  Length. 

3 

4 
5 
6 
7 
8 

•027ft. 
•019ft. 
•014ft. 
•010ft. 
•007ft. 
•004ft. 

The  interval  between  Kriemhilda's  frames  is  5ft.,  and  she  is  approximately  fiye  beams  to  length, 
then  the  addition  per  feet  of  length  will  be  '014ft.,  which  multiplied  by  the  interval  (5ft.  x  •OU  « 
•07ft.)  will  show  the  addition  to  be  made  to  the  interval  to  be  •07ft.,  making  it  5'07ft. 
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Calculation  of  the  Centre  of  Lateral  Resistance. 

This  is  a  very  simple  calculation  to  make  so  far  as  it  goes^  and  is  done 
wholly  from  the  sheer  plan ;  but,  as  already  explained  on  page  70,  the 
calculations  from  the  sheer  plan  do  not  give  the  actual  position  of  the 
centre  of  lateral  resistance ;  the  point  can,  however^  be  ascertained  from  a 
model  made  to  scale  from  the  drawing.  Fix  a  small  nail  at  some  point  in 
the  side  of  the  vessel  below  the  L.W.L. ;  to  this  nail  attach  a  piece  of 
strings  and  by  it  tow  the  model  broadside  on.  If  the  nail  is  at  the  centre 
of  the  model,  the  latter  will  tow  without  showing  a  disposition  to  turn ; 
in  other  words,  the  keel  will  keep  at  right  angles  to  the  direction  of  the 
towing  strain.  This  experiment,  if  properly  conducted,  would  give  results 
sufficiently  accurate  to  indicate  how  far  the  actual  centre  of  gravity  would 
be  from  the  calculated  centre  in  certain  models  ;  but,  of  course,  it  would 
not  afford  any  clue  as  to  the  point  the  centre  would  shift  to  when  the  vessel 
became  much  inclined,  and  moved  ahead  (as  well  as  broadside  on)  at  great 
velocities. 

The  ordinates  are  measured  on  the  sheer  plan  from  the  load  water- 
hne  to  the  line  representing  the  underside  of  the  keel  at  the  stations 
numbered  IJ,  2,  2^,  3,  4,  5,  6,  &c.,  and  entered  in  their  proper  column  as 
shown  overleaf.  They  are  then  operated  upon  by  Simpson's  multipliers, 
according  to  the  method  already  described. 

Note. — In  the  case  of  a  vessel  with  a  fore  foot  like  Minerva,  or  with 
a  much  less  pronounced  curve  than  shown  by  Kriemhilda,  the  ordinates  at 
half  intervals  need  not  be  used. 

The  whole  of  the  rudder,  indeed  every  portion  of  the  immersed  longi- 
tudinal section,  must  enter  into  this  calculation  (see  Plate  X.). 

It  will  be  noted  that  extra  ordinates  have  been  put  in  between  No.  1, 
No.  2,  and  No.  3  ordinates,  and  between  No.  15,  No.  16,  and  No.  17  ordinates, 
numbered  respectively  1^,  2-J-,  and  15^  and  16^.  The  half  ordinates 
have  been  put  in  more  with  a  view  to  familiarising  the  beginner  with  their 
use  than  for  any  necessity  of  their  being  present  to  insure  accuracy  in 
the  calculations.  For  ordinary  purposes  ordinates  5ft.  apart  in  a  figure  of 
such  form  and  dimensions  as  that  of  Kriemhilda's  longitudinal  section  will 
yield  sufficiently  accurate  results,  and  the  ordinates  at  half  intervals  can  be 
safely  dispensed  with.  The  Trapezoidal  Rule  should  not  be  taken  for  this 
calculation,  but  either  Simpson's  first  or  second  rule. 

The  centre  of  lateral  resistance  may  be  found  by  experiment,  thus  : 
Take  a  clean  piece  of  thin  deal  and  shape  it  like  the  sheer  plan  of  the  vessel 
below  the  L.W.L.,  including  the  rudder;  suspend  this  figure  from  two 
difEei'ent  points  by  means  of  a  piece  of  string,  and  the   direction  of  the 
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string,  formed  into  lines  across  the  figure  will  give  the  centre  of  gravity 
of  their  intersection  {see  page  332). 
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5 

42-0790ft.     That  is,  the  centre  of  gravity  of  the  section,  or  centre  of  lateral  resistance,  as 
it  is  termed,  is  42'0790ft.  abaft  the  fore  side  of  the  stem. 

If  it  is  considered  necessary  to  take  the  measurements  in  the  manner 
described  on  page  71,  &c.,  they  will  be  operated  upon  in  a  precisely  similar 
manner,  as  shown  in  the  example  just  given. 

The  mean  draught  or  depth  of  the  Kriemhilda  will  be  the  area  of  the 
immersed  vertical  longitudinal  section  (shown  by  the  sheer  plan)  divided 
by  the  length  of  the  figure — tiiat  is,  its  length  from  No.  1  section  at 
the  stem  to  No.  17  section,  which  passes  through  the  rudder.  There  are 
16   intervals  of  5ft.,  therefore  16  x  5  =  80  =  the  length   of  the  figure. 
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Then  area  =  848 
draught  of  water. 


sq,  ft.  H-  length  =  80ft  =  10* 6ft.  =  mean   depth   or 


848 
Mean  draught  =  ^  =  10-6 


The  position  of  the  centre  of  lateral  resistance  below  the  load  water- 
line  should  be  found  to  render  the  calculations  complete,  although  in 
practice  this  position  need,  seldom  be  determined. 

To  carry  the  calculation  out  the  length  of  each  water-line  must  be 
measured  on  the  sheer  plan  from  the  fore  side  of  the  stem  to  its  termina- 
tion in  the  rudder.  These  lengths  will  be  operated  upon  by  Simpson^s 
First  Bule,  and  their  moments  found  as  shown  in  the  example  to  follow. 
The  sum  of  these  moments  will  then  be  divided  by  the  area  of  the  section 
(already  found)  ;  the  quotient  multiplied  by  the  distance  the  water-lines 
are  apart  will  give  the  distance  the  centre  of  lateral  resistance  is  below 
the  load  water-line.  An  extra  line  below  No.  7  will  have  to  be  put 
in  the  sheer  plan  at  its  proper  distance,  viz.,  TSft.  below  No.  7.  No.  9 
will  be  formed  by  the  underside  of  the  keel  measured  l'5ft.  below  No.  8. 
It  will  be  seen  that  the  numerical  multipliers  1,  2,  3,  4,  Ac,  are  the 
numbers  of  the  respective  water-lines  from  the  water-line  downwards. 
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That  is,  the  centre  of  lateral  resistance  is  5*325ft.  below  the  load 
water-line.     As  a  rule,  in  practice,  it  will  be  unnecessary  to  make   this 
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calculation^  as  it  can  be  assnmed  that  the  centre  is  half  the  mean  draught 
below  the  load  water-line  (see  on  the  previous  page). 

The  Mbta-Ckntbe. 

The  calculation  of  the  position  of  the  meta-centre  above  the  centre 
of  buoyancy  is  usually  made  for  all  ships  in  conjunction  with  that  for  deter- 
mining the  centre  of  buoyancy,  Ac,  but  in  reality  it  conveys  but  little 
meaning,  and  has  but  small  value  unless  the  position  of  the  centre  of  gravity 
of  the  ship  be  known.  However,  as  the  metra-centric  height  generally 
figures  in  all  calculations,  the  manner  of  its  calculation  is  introduced  at 
this  point.  The  object  of  knowing  its  position  will  be  more  fully  explained 
hereafter  in  the  article  on  stability.  Upon  reference  to  pages  25, 
26,  Ac,  the  diagrams  show  the  value  of  knowing  the  position  of  the 
meta-centre.  The  mode  of  calculating  its  position  for  an  indefinitely  small 
angle  of  heel  is  a  very  simple  one. 

The  mathematical  expression  for  determining  its  height  is  : 

I  r  y»  d  «. 

Height  of  meta-oentre  =  -  '^— ^ 

Dieplacement. 

Where  y  represents  any  ordinate  of  the  curve  of  the  load  water-line,  and 
d  X  any  interval  of  length  between  the  ordinates;  then  the  ordinates 
(or,  in  other  words,  the  various  half  breadths  of  the  load  water-line) 
having  been  cubed,  are  next  summed  by  Simpson's  First  Eule  (page  323). 
Two-thirds  of  the  area  thus  found  divided  by  the  whole  displacement 
(expressed  in  cubic  feet)  will  give  the  height  of  the  meta-centre  above  the 
centre  of  buoyancy. 

The  half  breadths  of  the  Kriemhilda's  load  water-line  are  taken  from 
the  table  on  page  339 ;  each  half  breadth  is  cubed,  and,  in  order  to  save 
time  and  labour,  the  cubes  of  the  various  half  breadths  will  be  taken  from 
a  table  of  cubes.  Thus,  the  second  ordinate  of  the  Kriemhilda's  load 
water-line  is  set  down  as  l'35ft. ;  upon  reference  to  a  table  of  cubes  we 
find  that  the  cube  of  135  is  2460375,  and  thus  the  cube  of  1-35  will  he 
2*460375;  in  selecting  the  cubes  only  one  place  for  decimaLs  will  he 
retained  in  this  calculation,  so  all  the  figures  to  the  right  of  the  first 
decimal  will  be  struck  off.  The  various  half  breadths  having  been 
treated  in  this  way  they  will  be  summed  as  before  ^plained  by  Simpson's 
First  Rule,  but  from  this  point  the  calculation  here  given  will  best  speak 
for  itself.  In  general  practice  it  will  be  quite  safe  to  neglect  the 
multipliers,  and  sum  the  cubes  of  the  ordinates  by,  the  rule  given  on 
page  324. 
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The  displacement  of  the  Kriemhilda  is  1 15'06  tons^  which  reduced  to 
cubic  feet  =  115-06  x  35  =  4027. 
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bnoyancey. 


The  Wedges  of  Immersion  and  Emebsion. 

The  calculations  for  determining  the  volumes  of  the  wedges  of 
immersion  and  emersion— or  the  ''in''  and  the  "out''  wedges,  as  naval 
architects  term  them,  will  next  be  given.  The  necessity  of  making  these 
calculations  need  not  be  dwelt  upon  here,  as  the  subject  will  be  considered 
in  another  portion  of  the  book. 

To  the  inexperienced  the  calculations  will  no  doubt   look   difficult 
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and  complex^  bat  in  reality  they  are  no  more  difficult  than  the  ccdcnlatioii 
of  displacement,  although,  perhaps,  they  are  a  little  more  tedious.  Upon 
reference  to  the  body  plan  of  the  Kriemhilda  (Fig.  159)  it  will  be  fonnd 
that  the  vessel  is  supposed  to  be  heeled  to  an  angle  of  20^.  The  area  of 
that  portion  of  each  vertical  section  which  has  been  immersed  or  emerged 
by  inclination  of  the  vessel  has  to  be  found  by  the  rule  explained  on  pages 
326  and  327. 


Pio.  159. 

That  is,  the  parabolic  segment  must  be  cut  ofiF  each  section,  and  its 
area  and  the  area  of  the  triangle  computed  separately,  according  to  the 
rules  referred  to. 

Fig.  159  shows  the  body  plan  of  Kriemhilda  prepared  for  this  opera- 
tion.    Taking  the  immersed  wedge  first  (which  will  be  the  portion  above 


The  Immersed  Wedge.  369 


the  L.W.L.)  we  find  that  the  frames  up  to  No.  5  section  are  sufficiently 
straight  to  admit  of  the  figure  being  treated  as  a  triangle.  Take  No.  4 
section  as  an  example ;  R  S  T  are  the  three  sides  of  the  triangle ;  P  is  set 
off  at  right  angles  to  R  S,  and  R  S  will  be  called  the  base  and  P  the 
perpendicular ;  then  (see  pages  325-327)  the  distance  multiplied  by  half  the 
distance  P  will  give  the  area  of  the  triangle  R  S  T. 

The  triangle  for  the  emersed  wedge,  No.  6  section,  will  illustrate  the 
calculation,  which  includes  the  parabolic  segment.  The  segment  ABC 
has  been  cut  off,  leaving  the  triangle  A  B  S  to  be  calculated  as  just 
explained,  D  being  the  perpendicular  of  the  triangle.  The  area  of  the 
segment  A  B  C  is  calculated  by  the  rule  given  on  page  327. 

Upon  reference  to  the  body  plan  (Fig.  159)  it  will  be  found  that  there 
is  an  outside  section  next  to  No.  9  marked  JB^ ,  this  is  the  midship  section, 
and  is  not  considered  in  the  calculations  about  to  be  made. 

Immersed  Wedge. 

Section  1. 
There  is  no  area  for  No.  1  section,  it  being  formed  by  the  half-siding 
of  the  stem. 

Section  2. 

Triangle. 

l'55ft.  =  base  of  triangle. 
•45ft.  =  perpendionlar. 

775 
•620 


2)  -6975 
•3487: 


There  was  no  parabolic  segment  to  this  area  nor  to  any  of  the  other 
until  No.  6  is  reached. 

Section  6. 

Tbianoue.  Parabolic  Segment. 

7^80  =  base.  2*70  =  base. 

2^30  =  i>6rpendiciilar.  '10  =  height. 

2*3400  '2700 

15-60  2 


2)17*94  3)  ^5400 

8-97                                                                                           -18      =  area. 
•18  

915  ==  area. 

The  other  sections  are  similarly  calculated. 

In  order  to  arrive  at  the  volume  of  the  wedge  the  respective  areas 
most  be  tabulated  and  summed  by  Simpson's  First  Rule,  and  the  centre  of 
gravity  will  be  found  by  the  same  process. 

The  method  has  been  varied  to  illustrate  another  plan  of  tabulating  the 
calculations. 

B    B 
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Volume  of  the  Immersed  Wedge. 
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i  interval  of  5ft. 

3)200040 


666-80  =  volume  of  the  wedge  of  immersion. 


Centre  of  Gravity  of  the  Volume  op  Immersion. 

Even  Nob.  of  Mohbnts. 

2  0-35 

4  11-34 

6  46-76 

8  8911 

10  12002 

12  140-80 

14  136-63 

16  57-30 


605-30 

4 

2421-20 
1192-32 

3613-52  > 
5 

3)18067-60 

-  by  volume  666-80)6022-53( 
6001-20 

21-33 


Odd  Nob. 

of  Moments. 

3  .. 

...       2-94 

5  .. 

...     25-36 

7  .. 

...     68-52 

9  ... 

...  107-84 

11  .. 

...  13510 

13  .. 

...  189-92 

15  .. 

...  116-48 

696-16 

2 

1192-32 


i  interval  of  5ft. 


9  X  5ft. 
5 

45  «  the  distance  the  centre  of  gravity  of  the  immersions 
is  abaft  the  fore  side  of  the  stem. 


Volume  op  the  Embrsed  Wedge. 

The  emersed  wedge  is  that  portion  of  the  vessel  which  is  taken  out  of 
the  water  upon  inclination  of  the  vessel^  and  the  calculation  to  detemiine 
its  volume  and  its  centre  of  gravity  does  not  differ  from  that  of  the  volume 
of  immersion. 


Volume  of  Emersed  Wedge. 
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1 

m 

. 

J^ 

h 

•5 
P 

a 

•  s 

2 

< 

1 

000 

0 

0-00 

2 

0-30 

1 

0-30 

3 

117 

2 

2-34 

4 

2-73 

3 

8-19 

5 

4-78 

4 

19-12 

6 

6-90 

5 

34-50 

7 

8-98 

6 

53-88 

8 

10-76 

7 

75-32 

9 

11-70 

8 

93-60 

10 

1201 

9 

108-09 

11 

11-62 

10 

116-20 

12 

10-49 

11 

115-39 

13 

8-89 

12 

106-68 

14 

6*38 

13 

82-94 

15 

3-48 

14 

48-72 

16 

0-84 

15 

12-60 

17 

000 

16 

0-00 

Volume  op  Emersed  Wedoe. 


Abbab  of  Even 
Nos.  OP  Sections. 

2  0-30 

4  2-73 

6  6-90 

8  10-76 

10  12-01 

12  10-49 

14  6-38 

16  0-84 

50-41 
4 

201-64 
101-24 

302-88  X  I  interval  of  5ft. 
5 

3)1514-40 

504-80  =  volume  of  emersion  at  20°  inclination. 


Areas  op  Odd 
Nos.  OF  Sections. 

3  1-17 

5  4-78 

7  8-98 

9  11-70 

11   11-12 

13  8-89 

15  348 

50-92 
2 

101-24 


Centre  of  Gravity  op  the  Volume, 


Even  Nos.  op  Moments. 

2  0-30 

4  8-19 

6  34-50 

8  75-32 

10  108-09 

12  115-39 

14  82-94 

16  12-60 

437-33 
4 


Odd  Nos. 

OF  Moments 

3  .. 

....       1-34 

5  .. 

....     1912 

7  .. 

....     53-88 

9  .. 

....     93-60 

11  .. 

....  116-20 

18  .. 

....  106-68 

15  .. 

....     48-72 

440-54 

2 

1749-32 
881-08 


2630-40  X  ^  interval  5ft. 
5 


3)13152-00 

.  by  volume  504-80)438400( 
4038-40 


8-68  : 
5 


5ft.  intervaL 


881-08 


345-600      48'40ft.  —  the  diatanoe  the  centre  of  gravity  of  the  volume  of 
302-880  emersion  is  abaft  the  fore  aide  of  the  stem. 

42-7200 
40-3840 

23360 


The  method  of  calculating  the  volume  of  the  wedges  and  their  centre 
of  gravity  by  polar  co-ordinates  will  be  given  further  on  in  the  calculations 
for  stability. 

B    B    2 
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CALCULATION  OP  STABILITY. 

Cbntrb  of  Gravity  of  the  wholb  Mass. 

The  centre  of  gravity  of  a  ship  can  only  be  approximated  to  hj 
calculation  before  she  is  built ;  but  that  point  can  be  exactly  determined 
by  experiment  after  she  is  in  the  water. 

It  is  already  known  that  in  the  upright  position  the  centre  of  gravity 
lies  somewhere  in  the  line  V  P  M  (Pig.  160),  and  its  exact  distance  below 
M  can  be  found  by  experiment. 

Let  F  (Pig.  160)  be  the  centre  of  gravity  (not  to  be  confused  with 
centre  of  buoyancy)  of  the  vessel,  M  the  meta-centre,  and  O  any  heavy 
weight  forming  a  part   of    the  vessels  equipment;    by  moving  0  to  a 


Fig.  160. 

different  position  on  one  side  to  K,  the  vessel  will  be  inclined,  in 
consequence  of  the  centre  of  gravity  being  shifted  transversely  with  the 
shifting  of  the  weight,  to  some  point,  as  P, ;  the  centre  of  gravity  wiH  thus 
now  be  in  the  line  M,  P,  having  shifted  in  a  direction  parallel  to  0  K  and 
less  than  0  K,  as  the  weight  shifted  is  less  than  the  whole  weight  of  the 
vessel. 

In  the  example  now  given  the  Sea  Belle  schooner  was  the  vessel 
experimented  upon.  A  long  plank  of  deal  was  placed  across  the  ve^el 
upon  the  bulwarks,  shown  by  A  A  (Pig.  161).     The  plank  was  properly 


Finding  the  Centre  of  Gravity  by  Experiment.      373 


secured  by  lashings^  and  was  placed  as  nearly  as  possible  in  the  midship 
part  of  the  vessel. 

A  weight  of  ballast,  consisting  of  oblong  bricks  of  lead,  equal  to  half  a 
ton  in  the  aggregate,  was  then  put  on  the  middle  of  the  plank,  W,  having 
been  taken  from  below  the  platform  or  lower  deck;  the  height  of  the 
plank  above  the  water  was  then  measured  on  either  side,  and  the  weight 
adjusted  until  each  end  of  the  plank  was  equidistant  from  the  water,  and 
the  vessel  proved  to  be  nearly  in  an  upright  position. 

Of  course  the  plank  need  not  always  be  used,  as  the  weight  might  be 
heavy  enough  to  give  sufficient  heel  by  moving  it  across  the  deck  only  from 
the  centre  to  near  the  bulwarks. 


PiQ.    161. 

If  a  pile  of  pig  ballast  be  used,  or  any  other  weight,  it  must  be 
re-stowed  when  it  has  been  removed  in  exactly  the  same  way  it  was  when  in 
the  centre  of  the  deck,  and  the  distance  it  has  been  moved  will  be  measured 
from  the  centre  of  the  weight  before  removal  to  the  centre  after  removal. 

In  the  main  cabin  a  line  with  heavy  plumb  attached,  represented  by 
the  ticked  line  P,  was  let  fall  from  a  deck  beam  at  the  point  a,  and  whilst 
the  vessel  was  quite  still  the  point  where  the  line  cut  the  lower  deck  beam 
was  accurately  marked  at  b,  A  lower  deck  beam  is  not  always  available, 
and  a  good  plan  is  to  have  a  bucket  of  water  with  a  bar  of  wood  lashed 
across  it  to  the  handle.  This  bar  would  be  marked  in  the  same  manner 
as  the  beam,  and  the  water  would  keep  the  plumb  steady. 
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The  weight,  W,  was  then  shifted  to  W,,  14ft. ;  the  distance  14ft. 
being  arrived  at  by  measuring  from  the  centre  of  the  weight  c  to  the 
centre  of  the  weight  c  when  shifted.  This  distance  will  be  called  Jc.  The 
distance  {x)  the  plumb  line  was  deflected  along  the  lower  deck  beam  from  h 
was  then  carefully  measured  and  found  to  be  l|^in.^  and  the  length  of  the 
plumb  line,  a  x,  6ft.  lOJin.  The  weight  W  was  then  shifted  10ft.  in  the 
opposite  direction,  to  Wg ;  the  result  was  that  the  plumb  line  was  deflected 
Ifin.  =  6  y. 

The  centre  of  gravity  of  the  vessel  below  M  will  now  be  determined 
{see  Fig.  161)  thus : 

,,  «       /W  X  distance  fc\  ^ 

^  ^  =  V  Displacement,  j  ««**^M?ent  0 

That  is,  14ft.,  the  distance  the  weight  (W)  was  shifted,  has  to  be 

multiplied  by  that  weight  (=  half  a  ton) ;  the  product  will  be  divided  by 

the  displacement  of  the  vessel  expressed  in  tons ;  the  quotient  multiplied 

by  the  cotangent  of  the  angle  of  heel  will  give  the  distance  the  centre  of 

gravity  is  below  the  meta-centre.     The  distance  equals  14ft.,  the  weight 

shifted  was  0*5,  or  half  a  ton,  the  displacement  or  weight  of  the  vessel  was 

155  tons,  then 

14     distance  x  0'5  weight. 
0-5 

Displacement  tons  155)700(00*4516 
6-20 

•800 
775 

250 
155 

950 
930 

20 

This  quotient,  0*04516  (representing  the  distance  the  centre  of  gravity 
has  been  shifted),  has  to  be  multiplied  by  the  cotangent  of  the  angle  of 
heel. 

To  find  the  cotangent  of  the  angle  of  inclination,  divide  the  length  of 
the  plumb  line  a  x  (Pig.  161)  by  the  distance  it  was  deflected:     ^^^* 


•09374 


•09374)6-8540(73117  =  cotangent  of  0°  47' 
65618 

29220 
28122 


10980 
9374 

16060 
9374 


66860 
65618 

1242 
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The  distance   the    centre   of   gravity  was    shifted  =  '04516  will   be 
multiplied  by  73-117  =  cotangent  of  0°  47'. 

78117 
■04516 


038702 
78117 
365585 
292468 

8'30196372 


That  is,  the  centre  of  gravity  of  Sea  Belle  is  3-3ft.  below  the  meta- 
centre ;  a  correction,  however,  due  to  lifting  the  weight  from  the  bottom 
of  the  vessel  has  yet  to  be  made.  This  correction  will  be  explained 
below. 

A  second  experiment  should  be  made  to  verify  the  first.  In  this  case 
W  was  shifted  10ft.  to  W  3  and  the  plumb  was  deflected  |fin.  =  •06771ft., 
and  the  length  of  the  plumb  line  was  6*85ft. ;  then  cotangent  6  =  .^g^^^ 
=  101*  =  cotangent  0  0°  34';  or  Sea  Belle  was  inclined  a  little  over  half 
a  degree  by  shifting  the  weight  10ft. 

Proceeding  as  before  ^-^^"--  =  '03226.  The  cotangent  of  0°  34' 
is  101-,  then  -03236  x  101*  =  3*26  =  the  distance  the  centre  of  gravity 
is  below  the  meta-centre. 

Taking  the  mean  of  the  two  results  : 

3*30  by  shifting  the  weigrht  14ft. 

3-26  by  ahifting  the  weight  10ft. 

2)6-56 

3-28=  the  distance  the  centre  of  gravity  is  below  the  meta-centre. 

As  before  stated  a  correction  has  to  be  made  for  lifting  the  half  ton  of 
lead  ballast  from  the  other  ballast.  From  the  top  side  of  the  plank  to  the 
top  of  the  ballast  from  whence  the  half  ton  was  taken  the  distance  was 
13ft.  5in. ;  then  (see  page  331)  the  weight  of  half  a  ton  must  be  multiplied 
by  the  distance  that  weight  has  been  lifted,  and  divided  by  the  whole 
weight  (or  displacement)  of  the  vessel,  thus  : 

13' 5ft.  distance  the  weight  was  lifted. 
^      ton,  the  weight. 

Displacement  155)6-75(0'0435ft. 
6-20 

550 

465 

850 
775 

75 

This  quotient  shows  that  the  centre  of  gravity  of  the  vessel  would  have 

been  "OtSSft.  lower  if  the  half  ton  of  ballast  had  been  in  its  proper  place ; 

herefore,  •0435ft.  must  be  added  to  the  distance  the  centre  of  gravity  is 

below   the  meta-centre    as  previously  determined,  thus :    3*28  -f  '0435  = 
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3-3235ft.  =  the  exact  distance  the  centre  of  gravity  of  the  Sea  Belle  is 
below  her  meta-centre. 

In  making  the  experiment  to  determine  the  position  of  the  centre  of 
gravity  the  vessel  must  be  in  perfectly  still  water,  and  there  should  be  no 
wind  to  cause  her  to  heel,  or  much  tide  to  cause  her  to  sheer  and  strain  on 
her  cable.  After  the  plumb  line  has  been  fixed,  and  after  the  weight  has 
been  shifted,  everyone  on  board  should  remain  quite  still  whilst  the  person 
who  is  making  the  experiment  watches  the  deflection  of  the  plumb  line. 
The  vessel  should  not  be  made  fast  by  warps,  but  be  free  to  oscillate.  The 
sails  must  of  necessity  be  stowed,  but  the  alteration  in  the  position  of  the 
centre  of  gravity  by  their  being  hoisted  can  be  readily  calculated  if  their 
weight  is  known.  As  a  set-off  against  the  sails,  gaff,  &c.,  when  hoisted, 
the  weight  of  hemp  and  chain  halyards  coiled  on  deck  will  have  to  be 
considered,  and  in  the  end  the  calculation  would  give  some  trouble  and  be 
practically  of  incommensurate  value.  Unless  the  person  who  conducts 
the  experiment  has  had  some  experience,  it  would,  in  order  to  avoid 
inaccuracy,  be  better  to  employ  a  weight  that  would  heel  the  vessel  to 
three  or  four  degrees. 

Calculating  the  Cbntre  of  Gravity  by  the  Weights  op  Material. 

The  centre  of  gravity  of  Sea  Belle  was  calculated  by  dealing  with  all 
her  weights  separately.  With  experience  and  care  the  centre  of  gravity 
of  a  vessel  can  very  closely  be  approximated  to  in  this  way,  but  the 
calculations  would  be  worse  than  useless  if  carelessly  made.  The  sizes  of 
the  frames  and  all  the  scantling  must  be  known.  Then  the  weight  of 
every  portion  of  the  vessel's  hull  and  equipment  must  be  calculated 
separately,  and  the  distance  the  centre  of  gravity  of  each  portion  of  the 
hull,  &c.,  must  be  found  relative  to  some  fixed  point.  This  point,  in  the 
example  about  to  be  given  for  the  Sea  Belle,  was  placed  at  the  load  water- 
line,  so  the  weights  are  divided  into  those  "below''  and  above  the  load 
water-line;  but  it  is  more  usual  to  measure  the  distance  the  centre  of 
gravity  of  each  part  of  the  vessel  is  from  a  base  line  drawn,  say,  on  the 
under  side  of  the  keel,  and  parallel  to  the  load  water-line. 

In  the  case  of  sea  Belle,  on  measuring  the  frames  from  the  load 
water-line  to  the  dead  wood,  the  mean  length  was  found  to  be  lift.  The 
mean  siding  of  the  frames  is  0*46ft.,  and  the  mean  moulding  0*35ft.  Then 
11  X  '46  X  '35  =  1*77  =  the  cubical  contents  of  each  frame.  There  are 
eighteen  such  frames  on  each  side  of  the  vessel,  or  thirty-six  in  all,  then 
1*77  X  36  =  64  =  cubical  contents  of  the  frames.  One  cubic  foot  of 
English  oak  weighs  481b.  and  22401b.  go  to  the  ton ;  then  64  x  48  = 
30721b.  =  1-37  ton. 
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The  centre  of  gravity  of  the  frames  was  calculated  to  be  half  the  mean 
depth  measured  perpendicularly  from  the  load  line  to  the  dead  wood. 

The  intermediate  frames  are  11  x  'SS  x  '25  =  0*91  cubic  feet.  There 
are  seventy-two  of  these  frames,  then  72  x  91  =  65-5  cubic  feet  =  1*4 
ton.  The  centre  of  gravity  of  these  will  lie  at  the  same  point  as  the 
centre  of  gravity  of  the  other  frames. 

The  keel  is  0'8ft.  sided,  1ft.  moulded,  and  from  the  load  water-line 
round  the  fore  foot  to  the  stern  post  measures  in  length  90ft. ;  then  90  x  1 
X  -8  =  72  cubic  feet  =  1*6  ton. 

To  arrive  at  the  cubical  contents  of  the  plank,  the  following  plan  will 
be  adopted  :  mean  length  of  the  water-lines  (measured  on  the  half  breadth 
plan)  X  mean  girth  of  frames.  The  mean  length  of  the  water-lines  is 
88ft.,  and  mean  girth  of  frames  lift.;  then  88  x  11  =968.  The 
thickness  of  the  planking  is  3iin.=  Stt.;  then  968  x  -3  =  290  cubic 
feet,  or  for  both  sides  of  the  vessel  580  cubic  feet  =12*4  tons. 

The  bulk  of  the  inside  keel  and  keelson  of  wood,  the  dead  wood  stern 
post  (measured  from  the  deck),  rudder,  platform,  beams,  &c.,  and  inside 
fittings,  are  all  calculated  and  entered  in  the  tables. 

The  lead  keelson  must  be  a  separate  calculation  :  20'5ft.  of  its  length 
is  -75  X  -75  =  11-5  cubic  feet;  5-4ft.  of  its  length  at  the  fore  end,  •75ft. 
x  •4ft.  =  1'6  cubic  feet,  making  13  cubic  feet  in  all.  There  are  3*16  cubic 
feet  to  one  ton  of  lead;  then  _-7-.  =  4*1  tons  =  weight  of  lead  keelson. 

The  lead  lumps  between  the  floors  are  all  '75  x  ri6ft.,  but  vary  in 
depth.  Their  bulk  must  be  calculated  in  detail,  but  it  is  unnecessary  to 
give  the  figures  here.  In  the  aggregate  the  lumps  contain  44*24  cubic 
feet,  exactly  equal  to  14  tons. 

The  weight  of  each  lead  floor  was  also  calculated  separately,  and  found 
in  the  aggregate  to  equal  19*7  tons;  whilst  the  centre  of  gravity  of  the 
whole  of  the  same  lay  6*8ft.  below  the  load  water-line. 

The  portions  of  the  hull  of  the  vessel  above  water  were  calculated  in  a 
similar  way,  and  set  out  in  the  first  column  of  the  table. 

In  the  second  column  the  centre  of  gravity  of  each  item  (bSow)  ^^^ 
load  water-line  is  entered.  The  weight  of  each  item  is  then  multiplied  by 
vertical  distance  its  centre  of  gravity  is  from  the  load  water-line ;  the 
products  given  are  the  moments  of  the  weights.  The  moments  are  then 
sommed,  and  the  sum  of  those  above  the  load  water-line  are  subtracted 
from  those  below.  The  remainder  is  then  divided  by  the  weight  in  tons  of 
the  vessel,  and  the  quotient  is  the  distance  the  centre  of  gravity  is  below 
the  load  water-line.  In  the  example  given,  the  calculated  centre  of  gravity 
was  2*6ft.  below  the  load-water  line  ;  by  experiment,  the  centre  of  gravity 
was  proved  to  be  2'8ft.  below,  so  that  the  error  was  on  the  safe  side. 
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Weights  abovk  the  Load  Water-link. 


Tons. 

Weight  of  frames    06 

plank 50 

stem  kniffhtheads,  &o 0*5 

deck  beams    1*4 

deck  plank 4-0 

stem  frames 0*8 

stanchions 0*4 

bulwarks    0*5 

ran 0-4 

shelf   0-3 

deck  fitting  2*5 

capstan  0*4 

masts,   including  topmasts   and   ironwork 

croBstrees    5*3 

bowsprit,  includinff  ironwork 1*0 

main  boom 1*7 

gear,  spare  pails,  &c 4*0 

gaffs  (stowed)    1*0 

rigging  and  blocks   3'0 

sails  (stowed)    2-3 

hammocks,  &o 0*5 

crews  and  other  persons  on  deck  1*5 

davits 0-4 

two  boats  on  deck    0*8 

38-3 


Centre  of 
Gravity 
aboTe  L.  W.L. 
21 
21 
50 
3-8 
41 
40 
50 
50 
60 
38 
50 
70 

300 

80 

80 

00 
110 
200 
10-5 

20 

60 

40 

5-5 


Monunti. 

1-5 
10-5 

2-5 

5-3 
16-4 

3-2 

2-0 

2-5 

2-4 

11 
12-5 

2-8 

1590 

80 
13-6 

00 
110 
600 
24*1 

10 

90 

1-6 

4-4 

3541* 


Weights  below  the  Load  Water-line. 

Ofntre  of 

Tons.  GiaTitT  MoomdIb. 
below  L.W.L. 

Weight  of  frames    1*7  45  7*6 

„          intermediate  bent  timbers  1-3  4-5  5'8 

keel 1-6  110  17*6 

plank 12-4  4*5  558 

„          dead  wood  at  bow 0*5  4-5  22 

„                  „         atstern  06  7*0  42 

„          inside  keel  of  wood  10  105  10*5 

„          keelson  of  wood 0*5  7*5  3-7 

stem  post 0-3  7-3  2-2 

rudder    0-4  5*2  21 

„          beams  for  platform,  and  platform 1*3  4*5  5'8 

„          inside  fittings    4*5  0*5  2*2 

lead  on  keel  6-4  11-7  749 

lead  keelson  4-1  7-4  303 

„          lead  lumps  between  floors   14*0  8*7  122*0 

leadfloors 197  7*5  147*7 

Umber  ballast   21-6  7*0  151*2 

„          iron  mast  step   0*9  6*5  5*8 

„         other  ballast,  loose   63  6*0  37*8 

„          anchors  and  chains  (stowed)    3*7  4*5  16*6 

„          galley  and  cabin  stove 0*2  0*6  O'l 

„          two  tanks,  two  tons  of  water 2*7  4*2  11*3^ 

„          coal  and  coke    1-0  5*0  5*0 

„          stores,  furniture.  Ac 2*6  0*0  0*0 

warps 1-0  0*0  0*0 

„          iron,  metal  bolts,  fastenings,  &c.,  in  hull .. .       3*8  6*0  22*8 

„         copper 2-4  4*6  110 

116-5  756-2t 
t  756-2 
*  354  1 

155)402*1(2*59  =  the  distance  the  centre  of  gravity  is  below  the  load  water-line. 
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[The  following  is  a  specimen  of  the  method  for  calculating  the  centre 
of  gravity  of  an  SO-tons  cutter  by  Mr.  Ardagh  E.  Long. 


80-ToNs  Racing  Cutter — ^Weight  and  Centre  op  Gravity. 


Weight  Tons. 

Stem  bar 0*92 

Stemport 036 

Badder  complete   0*73 

Shell  plAting,  inoladin?  keel  plate 1614 

Frames    3-68 

Beverse  frames 1*09 

Doubling  on  frames  in  way  of  ballast    0*40 

Upper  deck  beams 0*75 

Lower  deok  beams  and  knees  0*52 

Diagonal  stmts 0*18 

Floorplates    101 

Upper  deok  and  fastenings  3*73 

Lower  deok  wood  and  fastenings    1*34 

Upper  deck  stringer  and  angle    2*10 

Tie  plates,  longitudinal  and  diagonal,  mast  plate,  &c.  0*59 

Gnsset  plates  on  stmts  amidships 0*09 

„  „  „      at  side 3 0*16 

Bulwark  plating  and  stanchions 0*84 

Counter  ridge 0*06 

Ceiling  in 'tween  decks    1*75 

hold  1*80 

Cabin  fittings  and  forecastle  fittings  4*00 

Deck  fittings 2*20 

Bail,  including  angle 0*63 

Capstan  0*40 

Freshwater  tank,  500  gallons 2*75 

Coal 1*00 

Warps 0*50 

Anchors  and  chains  stowed 1*76 

Stores 1*50 

Spare  gear  and  sails 1*70 

Crew  on  deck 1*20 

Boat  on  deck 0*20 

Mast  (lower)  and  fittings 1*95 

Topmast  housed ^ 0*32 

Boom  and  fittings 1*55 

Gaff  (aloft) 0*48 

Bowsprit  and  fittings    0*80 

Spinnaker  boom  on  deck  0*51 

Sails— mainsail,  foresail,  and  jib  set 1*20 

Standing  rigging  and  dead  eyes 1*01 

Bunning  rigging 1*14 

Blocks 0*50 

Ballast  fixed  (including  cement,  1  *21  tons)    8200 

„      loose  in  blocks 4*00 

PiUars 0*25 

Channels  (all  steel)    0*35 

Paint,  Ac 0*99 

Topsail  yards  on  deck  0*55 

Beyerse  frames  to  grunwale  in  way  of  rigging  0*11 

Doubling  of  keel  plate 0*29 

Woodwork  in  hold  (fitting  for  stores,  Ac.) 0*50 

153-68 


Lever,  Ft 

800 

7*93 

8*42 

10*76 

10-90 

6*54 

1*94 

18-80 

10-36 

8*67 

3-21 

18*98 

10-66 

1905 

19*06 

10*02 

6*64 

19-95 

17-72 

14*91 

6*66 

1402 

20*18 

20*55 

22*00 

4*30 

4*65 

8*50 

800 

6*66 

6-66 

21-80 

20*48 

40-32 

53*71 

28-85 

78*70 

22-80 

18*50 

46-71 

3819 

33-69 

4200 

1*93 

3*20 

14-91 

17-80 

1115 

18-60 

14*20 

0-72 

7-20 


Moments. 

7-36 

2-85 

6*14 

173-67 

40*12 

7*13 

0*77 
14*10 

5*43 

1-56 

3*24 
70*79 
14*28 
40-00 
11*25 

0-90 

1*06 
16*75 

1*06  « 
26*09 
11*99 
56*08 
44-89 
12-95 

8*80 
11*82 

4-65 

4*25 
14*08 

9*99 
11*32 
261ft 

40^ 
78*62 
17*19 
36-97 
37-77 
18-24 

9*44 
56-05 
38-57 
38*40 
21*00 
158-26 
12-80 

3-73 

6-23 

1-00 
10-23 

1*56 

0-21 

3*60 

121699 
7919ft. 


Centre  of  grayity 


1216-91 
lfi3-68  ' 


=  7*91 9ft.  aboTe  base  line.     Moments  taken  about  a  base 


line  parallel  to  and  1400ft.  below  L.W.L]. 
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Curve  of  Stability. 

A  vessel's  stability  can  be  progressively  determined  from  her  initial 
heel  to  any  angle  where  her  stability  will  vanish.  These  calculations 
were  first  introduced  to  the  world  by  Mr.  Barnes  in  a  paper  read  at 
the  Institution  of  Naval  Architects  in  1861 ;  since  that  date  the  calcula- 
tions have  been  more  or  less  usefully  employed,  and  attention  was  much 
directed  to  them  by  the  loss  of  the  Captain  in  1870.  In  1871  Sir  W.  H. 
White  and  the  late  Mr.  W.  John  read  a  most  elaborate  paper  at  the  Insti- 
tution of  Naval  Architects  on  the  calculation  of  curves  of  stability,  and 
illustrated  it  with  numbers  of  graphic  diagrams ;  even  more  usefully  than 
this,  they  gave  the  whole  table  of  figures  and  sums  in  detail  which  had 
been  employed  in  calculating  the  curve.  These  tables  have  proved  most 
valuable,  and  have  induced  many  who  regarded  the  calculation  of  a  curve 
•of  stability  as  a  work  only  to  be  performed  by  a  first-class  mathematician  to 
thoroughly  master  the  problem  of  stability  even  so  far  as  to  determine  its 
exact  range.  The  compiler  of  this  work  is  much  indebted  to  these  gentlemen 
for  making  the  details  of  their  labour  known,  as  until  the  publication  of 
the  "  Transactions  of  the  Institution  of  Naval  Architects  '^  the  formulae 
current  for  determining  stability  were  not  readily  adaptable  for  making 
curves  of  the  same.  By  the  system  here  introduced  the  exact  stability  to 
any  angle  of  heel  can  be  continuously  calculated ;  and,  although  the  mass 
of  figures  may  at  first  appear  overwhelming,  the  manner  of  using  them  will 
soon  grow  familiar. 

It  is  necessary  that  the  calculator  should  be  provided  with  books  of 
•*'  mathematical  tables,"  such  as  Barlow^s  and  LaVs ;  *  without  such 
tables  the  calculation  of  a  "  curve  of  stability "  would  prove  an  almost 
interminable  labour. 

The  upright  or  vertical  sections  shown  on  the  body  plan  (Fig.  162)  are 
numbered  1,  2,  3,  &c.,  No.  1  being  the  stem,  and  here  represented  by  the 
middle  vertical  line.  Each  section  terminates  with  the  deck  above  and 
with  the  keel  beneath  the  load  water-line. 

From  the  middle  of  the  load  water-line  (L.W.L.)  a  number  of  lines 
radiate  at  equal  angular  intervals  of  10°.  The  vessel  is  assumed  to  be 
heeled  consecutively  to  all  these  angles  up  to  90°,  when  she  is  on  her  "beam 
-ends.^'     The  exact  stability  at  each  angle  of  10°  interval  is  calculated. 

Paper  must  be  ruled  to  correspond  with  the  tables  for  the  "First 
Tables  of  Ordinates ''  of  water  sections. 

The  figures  in  the  first  column  of  the  tables  represent  the  numbers  of 

•  Barlow's  tables  are  published  by  Spon  and  Co.,  Charing  Cross ;  Low's  are  in  "  Weale'i 
Series,"  published  by  Crosby,  Lookwood,  and  Co.,  Stationer's  Hall-oonrt. 
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the  vertical  sections,  No.  1  being  the  stem.  In  the  second  column  the 
lengths  of  the  ordinates  measured  along  the  radiating  lines  to  each  vertical 
section  are  given. 

It  will  be  noted  that  at  the  next  angle  after  20°  the  deck  is  reached, 
and  the  radial  lines  will  be  measured  to  their  intersection  with  the 
horizontal  or  deck  lines  corresponding  with  the  vertical  sections. 


The  ordinates,  or  radial  lines,  it  will  be  seen,  are  multiplied  by 
'*  Simpson^s  multipliers,''  and  the  products  entered  in  the  fourth  colunm. 
These  products  are  then  added  together,  and  divided  by  3. 

In  the  fifth  column  the  squares  of  the  ordinates,  or  radial  lines,  taken 
from  a  Table  of  Squares,  are  entered,  and  there  multiplied  by  Simpson'* 
multipliers.     The  products  are  added  together  and  divided  by  3. 
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In  the  eighth  column  the  cubes  of  the  ordinates^  or  radial  lines^  taken 
from  a  Table  of  Cubes,  are  entered,  and,  having  been  multiplied  by  Simp- 
son's multipliers,  their  products  are  added  together  and  divided  by  3. 

The  first  table  represents  the  load  water-line. 

The  second  table  relates  to  the  water  section  formed  by  the  vessel 
being  heeled  to  10°;  the  ordinates,  or  radial  lines,  are  measured  along  the 
lines  (on  either  side  of  the  middle  line  of  the  body  plan),  making  the  angle 
of  10°  with  the  water-line,  and  are  then  operated  upon  as  just  described. 
These  ordinates  form  the  upper  side  of  the  "immersed  wedge''  of  10^ 
inclination,  and  the  load  water-line  the  lower  or  under  side  of  the  wedge. 

The  ''  emersed  wedge  "  (or  the  wedge  taken  out  of  the  water)  has  next 
to  be  operated  upon.  The  lengths  of  the  ordinates  along  the  radial  line  10° 
below  the  water-Une  are  measured  on  either  side  of  the  middle  line  of  the 
body  plan,  and  being  entered  in  the  second  column  are  operated  upon 
exactly  as  were  the  ordinates  of  the  immersed  wedge. 

The  sum  of  the  products  of  the  cubes  of  ordinates  of  the  emersed  wedge 
are  added  to  the  sum  of  the  products  of  immersed  wedge. 

The  same  process  must  be  gone  through  for  each  angle  of  inclination 
given. 

Tables  op  Stability. 

For  determining  the  stability  fresh  tables  must  be  ruled  in  accordance 
with  the  examples  given.  As  all  these  tables  will  be  alike,  that  for  60° 
inclination  will  serve  to  illustrate  the  continuance  of  the  work. 

The  first  column  is  merely  for  entering  the  degrees  of  inclination.  In 
the  second  column  are  entered  the  products  of  the  simple  lengths  of  the 
ordinates  of  the  water  section  under  treatment.  In  the  third  column  the 
flum  of  the  products  of  squares  of  ordinates  for  each  inclination  are  put^ 
and  affected  by  multipliers. 

The  final  products  for  each  wedge  thus  found  are  then  summed^  and 
the  greater  sum  deducted  from  the  lesser  ;  in  this  instance,  and  in  fact  in 
almost  every  case,  the  immersed  wedge  is  in  excess  of  the  emersed,  and 
consequently  the  products  for  the  emersed  wedge  will  be  deducted  from 
those  for  the  immersed  wedge.  The  remainder  is  then  divided  by  2,  and 
multiplied  by  one-third  the  angular  interval  (in  circular  measure)  of  the 
radial  planes  (of  course  the  quantity  of  the  angular  interval  may  vary 
according  to  the  value  of  Simpson's  or  such  other  multipliers  as  are  used). 
The  product  is  then  multiplied  by  the  longitudinal  interval  between  the 
vertical  sections,  and  this  product  yields  in  cubic  feet  the  excess  in  the 
volume  of  one  wedge  over  another. 

The  reason  of  these  operations  will  be  better  understood  by  referring 
to  page  329.     It  should  be  noted  that  the  divisor  2  is  used  because  the 
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half  squares  only  of  the  ordinates  are  required  for  calculating  the  volumes 
of  the  wedges  and  their  differences. 

We  may  here  stop  to  again  show  how  the  volume  of  any  wedge  formed 
by  the  inclination  of  the  vessel  can  be  found  by  the  use  of  the  half  squares 
of  the  ordinates.  For  example,  take  the  stability  table  for  20°  inclination  : 
the  sum  of  the  products  of  the  squares  of  the  ordinates  of  the  L.W.L. ;  of 
the  water  section  at  10° ;  and  the  water  section  at  20°  are  operated  upon 
according  to  the  rule  described,  page  325 :  the  sum  of  the  products 
is  3186'4.  This  sum  divided  by  2  will  give  the  sum  of  the  half  squares 
as  required  by  page  329.  The  quotient  will  next  be  multiplied  by  one- 
third  the  angular  interval  in  circular  measure,  and  by  the  longitudinal 
interval.  (It  will  be  noted  that  the  whole  interval  of  9ft.,  instead  of  one- 
third  of  that  quantity,  is  used  as  the  longitudinal  multiplier ;  the  reason  is 
that  the  sums  of  the  products  of  squares  of  ordinates  had  already  been 
divided  by  3  in  the  ''  first  tables."  But  it  is  plain  that  time  might  have 
been  saved,  if,  instead  of  dividing  the  sums  of  the  products  of  the  squares 
by  3,  they  had  been  multiplied  by  3,  that  quantity  being  equal  to  the 
required  one-third  of  the  longitudinal  interval  of  9ft.)     The  volume  of  the 

wedge  will  then  be  determined  as  follows  :  ^ =  8316  cubic 

feet  =  volume  of  the  wedge. 

In  this  calculation  for  stability  it  is  not  necessary  to  determine  the 
quantity  contained  separately  in  the  volumes  of  immersion  and  emersion  ; 
the  excess  in  the  one  over  the  other  is  only  required.  It  is  necessary  to 
know  this  in  order  to  determine  the  volume  and  thickness  of  the  layer  a  a, 
referred  to  in  pages  25,  &c.,  and  a  few  pages  farther  on. 

The  volume  of  the  layer  for  60°  inclination  (see  table  of  stability  for  60° 
inclination)  has  been  found  to  be  529*6  cubic  feet  (equal  to  the  excess  in 
the  immersions)  :  the  thickness  of  that  layer  has  now  to  be  determined, 
and  to  determine  this  the  area  of  the  water  section  must  be  known.  [The 
area  of  the  water  section  here  means  the  area  of  the  plane  of  flotation  at 
60°  inclination,  just  the  same  as  the  area  of  the  load  water-line  is  the  area 
of  the  plane  of  flotation  of  the  upright  position.] 

The  area  of  the  water  section  will  be  thus  determined.  In  the 
*'  First  Tables  of  Ordinates  "  for  60°  inclination  will  be  found  (in  the  fourth 
column)  the  sum  of  the  ordinates  for  the  immersed  section  set  down  as 
49"5,  and  for  the  emersed  51'0.  These  two  sums  are  added  together,  and 
multiplied  by  9ft.,  the  longitudinal  interval ;  the  product  is  the  area  of  the 
plane  of  flotation,  or  water  section,  at  60°  inclination  {see  "Area  of 
IncUned  Water  Section"  in  the  ''Tables  of  Stability"  for  60°).  The 
volume  of  the  layer  (i.e.,  the  excess  of  the  immersions)  is  divided  by  the 
area  of  the  w&ter  section,  and*  the  quotient  is  the  thickness  of  the  layer. 
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This  thickness  set  off  below  at  right  angles  to  the  given  radial  line  will 
show  where  the  line  of  the  true  water  section,  or  plane  of  flotation,  should 
be  at  the  given  angle  of  inclination  {see  "  Layer  '^  in  the  "  Tables  of 
Stability  "  for  60°) .  For  this  calculation  of  statical  stability  the  thickness 
of  the  layer  is  not  required.  The  object  of  knowing  it  will  be  shown  when 
the  dynamical  stability  of  the  vessel  is  considered. 

The  volume  of  the  layer  is  used  for  statical  stability  to  determine 
the  extent  of  a  correction  that  has  to  be  made  in  the  moments  of  stabilitj, 
the  use  of  which  will  hereafter  be  referred  to.  The  transverse  position  of  the 
centre  of  gravity  of  the  inclined  water  section  is  thus  found :  The  products 
of  the  squares  of  the  ordinates  are  taken,  and  the  lesser  subtracted  from 
the  greater.  The  remainder  shows  the  excess,  and  in  this  case  for  60°  the 
emersed  section  is  in  excess.  The  excess  is  divided  by  2,  and  the  quotient 
is  multiplied  by  the  longitudinal  interval  of  9ft.  This  last  product  is  then 
divided  by  the  area  of  the  inclined  water  section,  and  the  quotient  shows 
how  far  the  centre  of  gravity  of  the  water  section  is  on  one  side  or  the  other 
of  the  middle  line  of  the  vessel,  or  the  true  point  whence  the  ordinates 
shown  in  the  body  plan  (Fig.  162)  radiate.  In  the  example  for  60°  it  is 
proved  that  the  centre  of  gravity  of  the  inclined  water  section  is  on  the 
emersed  side,  having  changed  from  the  immersed  side  between  50°  and  60° 
inclination.  Thus  it  is  assumed,  and  practically  it  is  correct  enough,  that 
the  centre  of  gravity  of  the  layer  is  in  the  vertical  in  which  was  found  the 
centre  of  the  water  section.  In  very  large  vessels,  or  where  the  layer  is 
very  thick,  the  true  centre  would  be  calculated  and  used. 

The  volume  of  the  layer  multiplied  by  the  distance  the  centre  of 
gravity  of  the  water  section  is  from  the  middle  line  will  give  the  correction 
that  has  to  be  made  in  the  moments  for  statical  stability.  This  correction  is 
added  or  subtracted  according  to  the  following  conditions:  if  the  immersed 
wedge  be  in  excess,  and  the  centre  of  gravity  of  the  water  section  lies  towards 
the  immersed  side  of  the  middle  line,  then  the  correction  is  subtracted ; 
if  the  immersed  wedge  is  still  in  excess  (as  in  the  case  of  60°),  and  the  centre  of 
gravity  of  the  water  section  lay  on  the  emersed  side  of  the  middle  Kne,  then 
the  correction  is  added.  The  object  of  making  this  correction  is  obviously 
on  account  of  having  introduced  an  excess  in  the  moment,  through  not  taking 
away  the  layer  in  the  first  instance,  as  explained,  page  24. 

To  finally  determine  the  statical  stability  the  various  ''sums  of 
the  products  of  cubes  of  ordinates"  of  hoth  wedges  are  taken  from  the 
"  First  Tables ''  and  put  in  the  sixth  column  of  the  ''  Tables  of  Stability ; " 
they  are  there  operated  upon  by  Simpson^s,  or  other  multipliers  (as  the 
examples  will  show),  and  these  products  are  again  multiplied  by  the 
various  co-sines  of  the  angles  of  inclination.     [It  will  be  noted  that  the 
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initial  radial  line  at  any  angle  of  heel  {i.e.,  the  line  forming  the  water 
section  at  any  angle  of  heel)  is  always  the  one  multiplied  by  the 
co-sine,  0^.]  After  multiplication  by  the  co-sines  the  products  are  added 
together  and  then  divided  by  3,  as  only  the  third  part  of  the  cubes  of  the 
ordinates  was  required.  The  quotient  is  multiplied  by  one-third  the 
angular  interval  (this,  however,  according  to  the  multipliers  used  to  affect 
the  products  of  the  cubes  of  the  ordinates) ;  this  product  is  then  further 
multiplied  by  the  longitudinal  interval  of  9ft.  This  yields  the  moment  of 
the  wedges  uncorrected,  and  the  correction  has  to  be  made  as  heretofore 
described.  After  the  moment  has  been  corrected  it  is  divided  by  the 
displacement  expressed  in  cubic  feet,  and  the  quotient  is  the  length  of  the 
line  E  G,  Fig.  on  page  401  (not  to  be  confused  with  B  Ej) . 

The  distance  x  6  can  now  be  readily  found,  as  the  distance  the 
centre  of  gravity  is  above  the  centre  of  buoyancy  is  known ;  multiply  this 
distance  E  P  (Fig.  16,  page  28)  by  the  sine  of  the  angle  of  heel,  and  deduct  * 
the  product  from  the  length  of  the  E  6 ;  the  remainder  is  the  length  of  the 
coupling  lever,  x  6:  this  quantity  (the  length  x  G),  multiplied  by  the 
displacement  in  tons,  expresses  the  statical  stability  or  righting  moment  in 
foot  tons.  In  Sea  Belle  the  centre  of  buoyancy  of  155  tons  displacement 
was  found  to  be  3'4ft.  below  the  load  water-line.  The  meta-centre 
(calculated  from  the  sum  of  the  products  of  cubes  of  the  L.W.L.  after 
division  by  3)  was  found  to  be  4*  1ft.  above  the  centre  of  buoyancy.  It 
has  been  shown  on  page  876  that  the  centre  of  gravity  of  Sea  Belle 
is  3*3235ft.  below  the  meta-centre;  deduct  this  from  4*  104ft.  (height  of 
meta-centre),  and  the  remainder  of  0'78ft.  is  the  distance  the  centre  of 
gravity  is  above  the  centre  of  buoyancy  (a  little  more  than  9  inches). 

It  now  only  remains  to  put  the  different  lengths,  x  G,  as  so  many 
lines  perpendicular  to  a  scale  on  which  is  set  out  the  angular  intervals  at 
which  the  stability  was  calculated  the  lengths  x  G  will  be  unequal,  and  a 
curve  run  in  through  their  terminations  will  make  the  *' curve  of  stability." 

In  the  "Tables  of  StabiHty ''  it  will  be  noted  that  for  10°  inclination 
the  rule  in  page  375  is  used.  Care  must  be  taken  to  insure  that  the 
proper  multipliers  and  divisors  to  suit  the  number  of  angular  intervals  are 
used  in  all  cases.  [It  will  be  best,  to  avoid  error,  to  so  manage  that  one  of 
the  radial  lines  as  nearly  as  possible  cuts  the  deck  edge.] 

The  calculation  of  the  "Dynamical  Stability,^^  or  the  amount  of 
work  done  in  heeling  the  vessel,  will  now  be  a  comparatively  simple 
operation.  The  "  work  '*  means  the  force  exerted  to  separate  the  centre  of 
gravity  and  centre  of  buoyancy  from  their  original  relative  vertical 
positions.  It  has  been  abundantly  proved  that  the  centre  of  buoyancy 
*  If  the  0.  G.  fallB  below  the  C.  B.  the  prodnot  must  be  added. 
C   C 
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sliifts  out  to  leeward  upon  the  inclination  of  the  vessel^  and  thus  puts  in 
operation  the  balance  of  forces  described  as  "  statical  stability."  It  can  be 
equally  proved  that  the  centre  of  gravity  of  the  vessel  is  lifted  during  this 
inclination ;  this  much  can  easily  be  seen  by  referring  to  Fig.  on  page  401, 
P  (the  centre  of  gravity),  it  will  be  found,  is  farther  removed  from  L.W.S., 
the  load  water-line  of  the  upright  position,  than  from  W.S.  20°,  the  load 
water-liue  of  the  inclined  position;  also,  if  a  line  were  produced  through 
Ea  parallel  to  W.S.  20°,  it  would  cut  the  vertical  line  through  P  at  some 
point  below  x.  The  vertic  al  distance  between  this  point  and  G  =  Ej  G 
will  show  the  extent  of  the  increase  that  has  taken  place  in  the  separation 
of  the  centre  of  gravity  and  centre  of  buoyancy  during  the  inclination. 
The  distance,  multiplied  by  the  weight  in  tons  of  the  ship,  will  give  the 
amount  of  the  work  done  in  foot  tons.  This  does  not  include  ordinary 
keel  resistance  nor  the  resistance  due  to  bilge  keels,*  nor  the  resistance 
due  to  surface  friction;  but  it  is  on  the  safe  side  to  conclude  that  the 
keel  resistance  has  been  included  in  the  calculation.  The  use  of  deter- 
mining the  exact  value  of  a  vessel's  dynamical  stability  is  to  know  to 
what  extent  she  will  resist  any  sudden  application  of  wind  which  would 
take  her  beyond  what  would  be  her  permanent  angle  of  heel  if  the  same 
force  of  wind  were  applied  steadily. 

The  calculation  is  thus  made :  The  various  products  for  the  moment 
of  tbe  wedge  inserted  in  the  eighth  column  are  multiplied  by  the  sine  of  the 
angle  of  inclination  for  which  the  wedge  has  been  calculated ;  the  products 
are  placed  in  the  last  column,  and,  having  been  summed,  are  divided  by  3; 
the  quotient  is  then  multiplied  by  the  quantity  of  the  angular  interval  in 
circular  measure,  used  in  the  calculation  for  statical  stability.  This  product 
is  multiplied  by  the  longitudinal  interval,  and  the  moment  thus  arrived  at 
being  *' corrected"  is  divided  by  the  displacement  in  cubic  feet — the 
quotient  is  the  distance  E  2  G  (page  401).  The  quantity  E  F  is 
then  multiplied  by  the  versed  sine  of  the  angle  of  inclination,  and  subtracted 
from  E  2  G  ;  the  remainder  multiplied  by  the  displacement  in  tons  repre- 
sents the  work  done  in  foot  tons  in  heeling  the  vessel  to  any  given  angle. 

*  At  the  time  the  inquiry  waa  held  into  the  loss  of  the  Captain  someone  raised  the  question 
as  to  whether  keels  and  bilge  keels  would  add  to  stiffness  under  oanyas :  it  was  properly  pointed 
out  at  this  inquiry  that,  so  far  as  keels  or  bilge  keels  of  wood  are  concerned,  they  tend  to  deoreaae 
statical  stability,  but  on  aooount  of  the  resistance  they  offer  to  motion  in  the  water  they  would 
check  an  immediate  inclination  of  the  vessel  due  to  a  sudden  application  of  wind  force  by  incnaaang 
the  "  amount  of  work  to  be  done  "  in  heeling ;  in  other  words,  they  would  increase  the  dynamical 
stability.  Howeyer,  as  further  pointed  out  at  the  inquiry,  the  lee  bilge  keel  will  have  a  tendeney, 
when  the  yessel  is  sailing  with  a  steady  wind  pressure,  to  cause  an  increase  of  heel  beyond  that 
due  to  the  actual  pressure  on  the  sails.  A  vessel  when  sailing  with  the  wind  abeam  or  forward  of 
the  beam  makes  more  or  less  leeway  or  moves  in  a  sideways  direction ;  thus,  an  ardent  preasare 
would  be  brought  upon  the  upper  side  of  the  lee  bilge  keel,  and  this  pressure  would  assist  in  a 
small  degree  in  heeling  the  vessel. 
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Yaeht  Architecture. 


TABLES     OF     ST^BIXjITY- 

Stabiutt  at  10°  Inclination. 


IMMEBSED  WEDGE. 


BOTH  WEDGES. 


Dtraxigal  Btabilitt. 


Moment  of  wed^m  imeorrected  =  S806-688U 
Correction  for  l»yer -     a4-M3g» 

.  r:       47-82826 1     -^  displacement  M86)M89-80476C7062 

E  F  =  distance  G.  G.  is  above  O.  B. 


E  X  s  E  F  X  sin.  9  =  -78  x  -Yim 


EG  

-  E  a-  

xG   

X  displacement.. 


1786 

•78 

-018888 
•12152 

•706200 
•185406 

•570782 
155  tons 


2-858860 
28-58960 

57-0782 


Bi^htin^  moment  in  foot  tons  =  88-472760 


24-<no 

9 

2S1-5880 
—      1-0088 

5425)S90-56S2C(MI» 

E  F  X  vers.  6 
=  -78     X      .  -0151 
■78 

1208 
l(H7 

•011778 

E,G  =  -040660 
-011778 

-02ff»2x 
1« 

•144410 
1^44410 


4-476710* 
*  4-4767  =  work  in  foot 


EMEBSED  WEDGE. 


0» 
10» 


W 


460-6 

5 

M-9 

899-0 

8 

... 

841-2 

1 

28080 
319-i-O 

54950 
—  841-2 

5158-8 


ABEA  OF  INCLINED  WATEB 
SECTION. 

Immersed  section  66-8 

Emersed  section 56-9 

128-2 
X  longitudinal  interval... 9 

Area   =  1108-8  sq.  ft. 

OENTBE  OF  GEAVITY  OF  THE 
INCLINED  WATEB  SECTION. 


Immersed . 
Emersod    . 


Prodnoto  of  Squares. 

525-8 

899H) 


2)126-8 

68-4 
X  longitudinal  interval   9_ 

+  area  1108-8)570-60C514* 

•  O-SHft.  =  the  distance  the  centre 
of  gravity  of  the  inclined  water 
section  is  on  the  Immersed  side  of 
the  section. 


LATEB. 
Emess  in  ImmisralonB  4*  area  of 
inclined  section  = 

110e-8)47-8S8(-0O 
44852 

8-4760 
8-8264 

-1496 

Thickness  of  layer  s -OAt 


OOBBECTION  FOB   STATICAL 
STABILITY. 
Vidume  of  layer  =  47-828  x  dis- 
tance C.G.  is  towards  the  tanmened 
side  0*514ft.  =:  24-588592 
tlon. 


COBBECnON  FOB  DYNAMICAL 
STABHilTY. 
Volume  of  layer  47-8  x  i  tUek- 
ness  of  layer  •04Sft.  s  47<6  x  -021  s 
1-0086  =  oorreolloiL 


statical  Stability. 
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Stability  at  20°  Incunation. 


IHMEBSED  WEDGE. 


BOTH  WEDGES. 


STATICAL  8TABILITT. 


m 


DTWAmCAL  Stabilitt. 


^1 


..  =     S0ft-e2M 


WBDGB. 


0» 

460-6 

1 

1€P 

^, 

S99-0 

4 

99* 

m 

841*3 

1 

460-6 
1596-0 
841-« 

3897-8 


74M-4  ;  1 
747 1'7  4 
794.5-6       1  7945-6 


•940 
•985 
l-OOO 


X  I  angular  interval , , 


7009H) 

S9488-5 

7945-6 

8)448981 

14797-7 
•056 

118-8816 

789-885 

858-3666 
9 


•8430 
•1786 
•0000 


2550 
5188 
000» 


3579 


•058 


X  longitudinal  Interval  .... 

Moment  of  wedges  nnoorreoted  =  7734-8994 
Correction  for  layer -    805-83 


6488>7518-5794a*88W 


30-683 
188-95 

149-583 
9 

1846-288 
—    18-.M-i 

M85)1887-716(  34 


E  F  X  Ters.  6 
s-78    X 


E  X  =  E  F  X  Bin.  #  =  -78  X  -843.. 


•843 

22 

S786 


•36876 


78 

4856 
4349 


B  G  ..., 
-Ex 


s      1*88590 

•a6676 

X  O    =      111914 

155  t 

5-59570 
65i»570 
111-914 

Blgbting  moment  In  foot  tons  =  178-46870 


£.G  =  -3400 
-0478 

•1937 
155 


9H»5 
19-27 


'39-8685  =  work  in  foot 


ABEA  OF  INCLINED  WATEB 
SECTION. 

Immersed  secrtion 78*1 

Emersed  section 52-7 

125*8 
X  longitudinal  intenral... 9 

Ar«a    =  1183^  sq.  ft 

CENTBE  OF  GBAVITY  OF  THE 
INCLINED  WATEE  SECTION. 


Immersed . 
Emersed    . 


of, 
622*6 
841-3 


381-4 
X  longitudinal  interval 9 

3)3533*6 

-i-  area  1183*3)1366-8(11« 


•  l-lft.  =  the  distance  the  centre 
of  gravity  of  the  inclined  water 
plane  is  on  the  immersed  side  of 
the  section. 


LAYEB. 
Bness  in  immersions  +  area  of 


1183-3)305-83(0-18 
118-22 

93im> 
90-576 

3H)34 
Thickness  of  layer  =  0-18ft 


COBBECnON  FOB   STATICAL 

STABILITY. 

Volume  of  layer  x  distance  C.G. 

is  towards  the  immersed  side  205-82 

X  1  =  206-82  =  correction. 

OOBBEOnON  FOB  DYNAMICAL 

STABILITY. 

Volume  of  layer  206-8  x  I  thick- 

nets  ;18ft  s  305-8  x  -09  =  18-533  = 

correction. 
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Yacht  Arehiteeture. 


Stability  at  SO''  Inclination. 


IMMEBSED  WEDGS. 


BOTH  WEDGES. 


STATICAL  STABILITT. 


i^.i 


DTBAIflCAL  ^ASIUTT. 


;«  X 


I 


10» 


W*  I   W-8 


460-6 
625-8 
623-6 
4911 


460-6 
1677-4 
1867-8 

49M 


X  I  aii|n>l<ikr  interrftl . 


2981-2 

2)1416-7 

707-8 
..  -0664 

•28812 
8-6S90> 
42-468 


X  longitudinal  interval.. 
Excess  In  volume  of  im- 


46-29012 
9 


meraian =     416-61106 


EHEBSKD  WEDGE. 


0^ 

460-6 

1 

10* 

899-0 

8 

20° 

... 

841-2 

8 

MP 

49*9 

800-0 

1 

460-6 
1197-0 
1028-6 

800H) 

9961-2 


7466-4  ;  1  7466-4 

7471-8  I  8  22416-4 

7946-6  '  8  28886-8 

6749-8  1  6749-8 


X  f  angular  intervaL., 


-866 
•940 


l-OOO 


6467-2 
21070^ 
28479-2 

6749-8 

8)66766-1 

18918-7 
..      -0664 

7-66748 
94-6986 
1186-122 

1287-28298 
9 


•6000  8728-2 
•8420  ,  7666-0 
-1786         4188-0 


•0000 


0000-0 

8)l&632-2 

6177-4 
•0654 

2-07096 
26-8870 
810-664 


X  longitudinal  interval  ... 

Moment  of  wedges  onoorreoted  =11186-64689 
Oorreotionforlajer -    844-11160 

.........      MS6)10791-4S622a'M» 


888-60196 
9 

a047-417M 
~    88-82 

MS6)2964-09764<-6 


B  «  s  E  P  X  sm.  0  ........ 


=  -78  X  -6 
-6 


E  F  X  vers.  0 
5=  -78     X 


-184 

-78 

-1072 
•918 


E  G  ... 
-Ejt 

«G   ... 


.=      1-989 
•890 


.=      1-1 


E,G  =  -6 
■1 


166  te 

7-996 
79-96 
169-9 

Blghting  moment  in  foot  tons...  =  247-84g 


^  X  166  tons 
^ 

62^0* 


62-0  =-  woric  done  in 
foot  tons. 


ABEA  OF  INCLINED  WATEB 
SECTION. 

Immersed  section  66-6 

Emersed  section 49-9 

116-7 
X  longitudinal  Interval... 9 

Area   =  1041-8  sq.  ft 

OENTBE  OF  GBAVITY  OF  THE 
INCLINED  WATEB  SECTION. 


Immersed. 
Emersed    . 


Prodoflte  of  Boiians. 

491-1 

, 800-0 


2)1911 

96*6 
X  longitudinal  interval   ^9 


+  arsa......... 


....  1041-8)869-60(-826« 


•  •826fi.  =  the  distance  the  centrs 
of  gravity  of  the  inclined  water 
plane  is  on  the  immersed  side  of 
the  section. 


LATEB. 

Excess  in  immersions  -t-  area  of 
incUxMd  section  = 

1041-8)416-60(-4 
416-62 


lliickneas  of  layer  =  0-4fL 


OOBBECnON  FOB   STATICAL 
STABILITT. 

Volume  of  layer  x  distanoe  C.G.  ii 
towards  the  Immersed  side  =  416-C 
X  -826  =  844-1116  s  oorreedoa. 


OOBBEOrnON  FOB  DYNAMICAL 
STABILITT. 

Volume  of  layer  416-6  x  |  thick- 
ness of  Uyer  0-4ft.  s  416-6  x  0-2  s 
88-82  =  oorrsefelon. 


statical  Stability. 


396 


StABTLITT  at  MIP  iNOLlNAnOK. 


rMiffTgRfiTgn  WEDGE. 


BOTH  WEDGES. 


1^ 
1} 


Statical  stabilztt. 


CM    X 


DTHAIflOAXi  STABILITT. 


H 


460^ 
535-8 

4911 
S61-2 


460-6 
2108-2 
1245-2 
1964-4 

861-2 

6184-6 
4215-9 

2)1918-7 

959-8 
..  -088 

7-6744 
47-965 


55-6894 
X  loqgttadbiftl  intetraL..  9 

Biioeaa  In  volame  of  im-    

s  5007546 


7456-4 
7471-7 
7945-6  ! 
5749-8 
4055-8  I 


7456-4 
29886-8 
15891*2 
22997-2 

4050-8 


X  \  KOgxdu  interval.. 


X  I  aognlar  Intorral . 


•766  •      5711-6 

•866  25881-9 

•940  ;    14987-7 

•965  22652^2 

1-000  I      4054-8 

8)78284-2 


S4411-4 

•058 

195-2912 
1220^570 

1415-8612 
9 


X  loDgltodlnal  interval 

Moment  of  wedges  uncorrected  =12742-7508 
Correction  for  layer -    190-2850 

•»-  diaplaoement 


5425)12652-47ff8(2-S 


Ex  =  EFxBin.#s^78x  -648  ... 


E  G  ... 
-Ear 

*G  ... 


=  -64a 

•78 


5144 
4501 


-50154 


.=   2-8 
....   -5 

.=   1-8 

1551 

9-0 
90 
18 


•6428  4798-0 

-5000  14948-4 

-8420  5484-7 

-1736  8992-8 

■0000  000«>-0 

8)29168-4 

9721-1 
-058 

77-7688 
486-065 

568-8288 


5074-4142 

—  iao-18-iO 

5425)4944-2822C9 
4882-5 

61-7 
V  E  F  X  vers.  $ 

=  -78     x        -284 
j78 

1872 
•1688 


Blghting  moment  in  foot  tons  =279-0 


E,G  =  -90 

•18 


•18252 


•72  X  155  tons 

21 

810 
108-5  • 

111 -60* 
*  111-60  =  work  done  in 
foot  tons. 


dP 

460i) 

460-6 

10» 

... 

m-0 

1596-0 

w> 

8412 

682MI 

»p 

800H) 

1200-0 

40P 

48-9 

276-9 

276-9 
4215-9 

ABEA  OF  INCLINED  WATEB 
SECTION. 

Produota  of  Ordinatat. 

Immersed  section  58-0 

Emersed  section 48-2 

106-2 
X  longitudinal  interval... 9 

Area   s  955-8  sq.  ft. 


CENTBE  OF  GBAVITY  OF  THE 
INCLINED  WATEB  SECTION. 
Produoti  otBtfOMm. 

Immersed 861*2 

Emersed    276-9 


X  longitudinal  interval 


2)84-8 

421 
9 


955-8)878-90(0-8849» 

•  0-8849ft. = the  distance  the  centre 
of  gravity  of  the  inclined  water 
plane  is  on  the  Immersed  side  of 
the  section. 


LATEB. 

Excess  in  immersions  -r  area  of 
inclined  sectiim  = 

955-8)500-75(-528 
Thickness  of  layer  =  0-528ft. 


OOBBECTION  FOB   STATICAL 
STABILITY. 

Volume  of  layer  x  distance  C.G.  la 
towards  the  immersed  side  =  50075 
X  -88  =  190-2850  =  correction. 


OOBBECTION  FOB  DYNAMICAL 
STABILH'Y. 

500-7  Volume. 

-26  =  I  thickness  of  layer. 

80-042 
100-14 

180-182  =  correctioii. 
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Yaeht  Architecture. 


Stability  at  50^  Incunation. 


DOfEBSSD  WSDGK. 


!l 


BOTH  WBDaEB. 


STATICAL  8TABIIRT. 


2V     « 

m 


DTSTAMICAX.  8TABIUTT. 


^1 

11 


0«> 
10«» 

4ff> 


i2-6 


6i6-8 

4911 
S61-3 
291-8 


X  ongalarintoryftl., 


saon 

5SS-8 
6S9*« 
491-1 
861-S 
14a-6 

2S7S-6 
~16M» 

2)691-8 

844-6 
•174 


74M^ 
7471-7 
79M-6 
6749-8 
4060-8 
888A-6 


8728-2 
7471'7 
794A<6 
C749-8 
40B0-8 
1667-8 


X  ancrnl&r  intenral 


1-8824 
24-19-i 
34-56 


X  loDgitndixial  inteiTAl 


00-1844 
X  longitndiiial  interrAL..  9 

Ezoesfl  in  volume  of  Im-    

meraieii =     641-2096 


Correotlon  for  layer  . 


•642  I      2896*6 

•766  6728-8 

-866  68A0-8 

■940  I      6404-8 

•966  8990K) 

1-000  1667« 

3)26069-7 


8686-6 
■  174 

84-7460 
608(166 
868-66 

1611-4610 
.  9 

18608-089 
.  -      41-m 


5426)18661-928(2-499 


E  or  e  E  F  X  Bin.  6  s  -76  X  -766  .^ 


E  G  .... 
-Ex 

xQ   ... 


&-76& 

-78 

6128 
6862 

-69748 


.=      »499 


=      1-902 

166 

9-610 
96-10 
190-2 

Blfhtinff  moment  in  foot  ton*  =  294-810 


-7660 
•6438 
•6000 
-U20 
•1736 
-0000 


2866« 
4802-8 
8972« 
1966-2 
708-2 
OOOH) 


8)14800-8 

4766-9 
•174 

19^)676 
888-fl88 
476-69 

829-4406 
9 

7464-9IM 


E.O. 


6426)78Q2-6664<1'8I 
EF  xytn.B 
^•W   X       -m 

-78 

2866 
-2499 

-27846 
.s    1-840 
•278 

1-062 
186 

6-810 
6110 
10^2 

164-610* 
•  164*610  =  work  done 
In  foot  tQii& 


ABBA  OF  INOLINED  WATER 
SECTION. 

Prodoeti  of  OrdlBitai. 

Immened  aeetlon  62-6 

48-6 


EMKHSKD  WEDGE. 


X  longitodlBAl  intenril.. 
Area   : 


101-0 

. 9 

£9Q9H»«i.a 


00 
100 

20* 
90P  i 
400 


460-6 

1 

399H> 

... 

841-2 

1 

... 

800-0 

1 

276-9 

1 

48-6 

276-9 

i 

841-2 
800H) 
276-9 
187-9 

1686-8 


Immened . 


GENTBE  OF  GBAVITT  OF  THE 
INCLINED  WATEB  SECTION. 

Produote  of  BqoMW. 

291-8 

276-9 


•i)16-4 

7-7 
X  longitudinal  Interral 9 

-t-mtm 909)69-80(-076* 

•  OHy76ft.  =  the  distance  the  centre 
of  grayity  of  the  inclined  water 
plane  is  on  the  immersed  side  of 
thei      - 


LAYEB. 


909)641-2(*696 
TldekiMss  at  lajer  s  0-69Sft 


COBBBCTION  FOB  STATICAL 
STABILITY. 

Vohane  of  layer  X  dlstaaoe  CO.  it 
towards  the  immersed  side  =  641-9 
X  -076  =  41-1812 


COBBECTION  FOB  DYKAMIGAL 
8TABIIJTY. 


641    Tolnme  of  layer. 
Jl  s  i  thickness  of  layer. 

162-8  s  eorrsetton. 


statical  Stability. 
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Stabilitt  at  60°  Incunatiov. 


IMMEBS£D  WEDOS. 


BOTH  WEDGES. 


ll 


Statical  Stabiutt. 


CM    X 


I>TVA]UCAL  BTABILITT. 


II 


0° 


4«(H( 
5S5-8 
622-€ 
4911 
161*3 
291-3 
49'ft  I   S6S-« 


«)2<»9-0 

1014-5 
X  I  angolar  inteiral -068 


611«0 
M-735 


fi8Ml# 

X  loB^Uadinal  intetraL..  9 

Exoaes  in  ▼olnme  of  in-    — — 

menion =     639'fi690 


0» 
VP 
20P 
80°  , 
4W»  I 
AO^   I 
60*  I 


EMEBSED  WEDGE. 


51-0 


460-6 

460-6 

8990 

1&960 

841-2 

682-4 

300H) 

1200-0 

276-9 

A53-8 

27«-9 

1108-6 

299-2 

299-2 

5895-6 


7456*4 
747 1'7 
7945-6 
5749-8 
4050-8 
8885-6 
8817-0 


7456-4 
29886-8 
15891*2 
22997-2 

8101-6 
13342-4 

3817-0 


-500 
•642 
•766 
•866 
•940 
-965 
1-000 


X  I  anguUr  inteiral.. 


8728-2 
19187-8 
1317S-6 
19915-5 

7615*5 
18142-2 

8817-0 

8)79078-8 

96859^4 
•  -058 

310^8752 
1817-970 

1528-8452 
9 


•8660 
•7660 
•6428 
•5000 
-8420 
•1786 
•0000 


X  longitudinal  interval   ... 

Moment  of  wed^iea  uncorrected  =  18759*6068 
Correction  for  layer -f     98'7215 

4-  diBplAc<>nipnr  5425)1885S8288(2*55 


£  X  =  £  F  X  sin.  tf  =  -78  X  ' 


•78 

6928 
6062 

•67548 

EG  *      2-55 

-Ejt  -67 

X  G    =      1-88 

155  tea 

9-40 
94-0 
188 

Blghtlng  moment  in  foot  tont  =  291-40 


6457*2 
22898-2 
10214-8 
11498-6 

2770-7 

2816-2 

0000-0 

8)56150-7 

18716-9 
•058 

149-7852 
985845 

1085-5809 
9 

9770-2218 
—  158-41 

5425)9616-8118(1'77 

E  F  X  vers.  B    -78 
=  -78     X       j5 

-890 


1-88  X  155  toofl 
155 

6-90 
69-0 
138 

218-90» 

•  218-90  =r  work  done 
in  foot  tons. 


ABBA  OF  INCLINED  WATEB 
SECTION. 

Prodiioti  of  Ordlnatas. 

Immersed  section  49*5 

Emersed  section 51-0 

100-5 
X  longitudinal  interval... 9 

Area    ^  904-5  aq.  ft 

CENTEE  OF  GRAVITY  OF  THE 
INCLINED  WATEB  SECTION. 
Prodnote  of  Squans. 

Immersed 299-2 

Emersed    268-6 

2)85-6 

17-8 
X  longitudinal  interval 9 

+  area 904-5)160*20(177* 

•  0-177ft.  =  the  distance  the  centre 
of  gravity  of  the  inclined  water 
plane  is  on  the  Immersed  side  ot 
the  section. 


LAYEB. 

Excess  in  immersions  +  area  of 
inclined  section  = 

904^5)52957(-585 

Thlokness  of  layer  =  0-585ft. 


OOBBECTION  FOB   STATICAL 
STABILITY. 

Volume  of  layer  x  distance  C.G.  is 
towards  the  immersed  side  =  529-5 
X  '177  =  98^7215  =  correction. 


OOBBECTION  FOB  DYNAMICAL 
STABILITY. 


529    volome  of  layer. 

•29  =  ^  thickness  of  layer. 


158*41  =  oorreotioiL 
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Yacht  Architeeture. 


STABIMTT  at   70"  INCLIKATION. 


IMHEBSED  WEDGE. 


BOTH  WEDGES. 


STATICAL  STABXIITT. 


DTVAJnCAL  8TABILITT. 


^1 

1% 


10° 

80« 

60° 
60» 
70» 


470 


4«0^ 
5S5-8 
632-6 
4911 
861-2 
291-8 
268-6 
284-9 


280-8 
526-8 
622-6 
491-1 
861-2 
291-8 
268-6 
1174 

2903-8 
-2801-2 

326m 

801-0 
►  174 

1-2040 
21-070 
80-10 


d3*8740 
X  longltadlnal  intemJ...  9 

Excess  in  Tolnme  of  Im-    

mersitn -..  s     471'8660 


74M-4 
7471-7 
7944-6 
A749-8 
4060-8 
8836-6 
8817-0 
8686-5  , 


8728-2 
7471-7 
7946*6 
5749-8 
4060-8 
8886-6 
8317-0 
1798-9 


.342 
•600 
•642 
•766 

•940 

•985 

1-000 


1275^0 
8785-8 
5101-0 
4404-0 
8508-0 
81854 
8267-2 
1798-2 

8)26219-6 


-9897 
•8660 
•7660 
•6428 
-5000 
-8420 
-1786 
•0000 


8508-8 
6470-5 
6086-8 
8695-6 
20-25-4 
1140-7 
676-8 
000-0 


X  ancrnl&r  interval 


X  angnlar  interrai.. 


84-9699 
611-786 
878-96 

15207369 
9 


X  longitndiiuJ  Interval  ... 

Moment  of  wedges  uioameieds:  18686-1968 
Correction  for  layer  ...............  +    282-8400 


5436)18967-9668(9-ff7 

B«sEFx8ln.«  =  -78x-M  -78 

•94 


8)28497-6 

7832-5 
-174 

81-8800 
648-275 
788-25 

1862465 

9_ 

13265-695 
—  117-850 

MS5)13147-845<M8 

EFxvers.6    -658 


=  -78     X 


•78 


-7889 


EG 

-E;c  

«G    

X  displacement... 


.=   .2-67 

•78 


.=      1-84 

....      155  tont. 


9-20 
92-0 
M4 

Blghting  moment  in  foot  tons  s  986-90 


5M4 

E.Grr    3-28    

—  -51     -51W4 

1-73  X  155  tooa 
155 

8-60 
86-0 
172 

206HW* 

•  366-00  =  work  done 
in  foot  tons. 


KMKRHWD  WEDGE. 


0» 

460-6 

t 

380-8 

10° 

899-0 

8990 

20«> 

841-2 

841-2 

80«> 

800-0 

800-0 

40° 

276-9 

376-9 

50* 

275-9 

375-9 

60«> 

299-3 

399-3 

70° 

56-8 

857-5 

ft 

178-7 
8801-3 

ABEA  OF  mOLINED  WATER 
SEOTION. 

ProdnolB  of  Ordiiiatss. 

Immersed  section  47-0 

Emersed  section 56-8 

108*8 
X  longitudinal  interval... 9 

Area   =  939-7  sq.  ft 

CENTRE  OF  GRAVITY  OF  THE 
INCLINED  WATER  SECTION. 
Produote  of  BqaMW. 

Emersed 857-5 

Immersed 284-9 


61-8 
X  longitudinal  interval 9 

+  area 939-7)561-70(0-«08* 

•  0-598ft.  =  the  distance  the  centre 
of  gravity  of  the  inclined  water 
plane  is  on  the  emersed  side  of 
thetection. 


LATER. 

Excess  in  immersions  ^  area  of 
inclined  section  = 

929'7)4n-86(-5 

TUckness  of  layer  =  0-6ft 


CORRECTION  FOR   STATICAL 
STABIUTT. 

Volmne  of  layer  x  distance  G.G.  is 
towards  the  emersed  side  =  471-4 
X  -6  =s  282-84  =  correction. 


CORRECTION  FOR  DTNAIOCAL 
STABILITY. 

471-4  volume  of  layer. 
-25  =  \  thickness  of  layer. 

28-570 
94-28 

117-850  M  oorrectioB. 


statical  Stability. 
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Stabzutt  at  S(f  Inclination. 


DfMEBSED  WEDGE. 


ii  'I 


I 


i 


BOTH  WEDGES. 


Statical  Stabilitt. 


Dtvaxical  Stability. 


0°  ... 

10°  ... 

30°  ... 

40°  ... 
50= 

70°  ... 

80°  43-6 


460-6  I    1 

525-3  I    4 

622-B  ,    S 

4911  4 

861-3  2 

291-8  4 

268-6  '    3 

384-9  4 

304-8  I   1 


460-6 

210H-3 

1245-2 

1964-4 

732-4 

I    1165-3 

I      537-2 

889-6 

•    ao*-8 

981I2-6 
-81210 

3)1311-6 

605-8 
..  -058 

80-390 

851864 
X  longitiidixial  interval...  9 

Excess  in  Tolnme  of  Im-    

.  =  816-3376 


7456-4 
7471-7 
7945-6 
5749-3 
4050-8 
8835-6 
8317-0 
3586-5 
4945-8 


7456-4 


15891-2 
32997-2 

8101-6 
18342-4 

6634-0 
14846-0 

4945-8 


•178 
.842 
•500 
•642 
•766 
•866 
-940 
•985 
l^OOO 


X  ^  angular  lnterva.1.. 


X  \  angular  interval... 


EMEBSED  WEDGE. 


460-6 

; 

460-6 

lOP 

899-0 

15960 

20P 

.  1  341-2 

i  2 

682-4 

30°  ,  . 

300K) 

'  4 

1200-0 

40° 

.   276-9 

553-8 

50° 

.   -275-9 

1103-6 

t/P 

292-2 

584-4 

70'  1  . 

.  i  857-5 

14300 

80°  ;  68^0   610-a 

610-3 

j 

i 

81210 

1389-9 
10221-3 

7945-6 
14764-1 

6-/05-8 
115545 

6285-9 
14180-8 

4945-8 

8)77298^6 

35764^5 

..     ^058 

306-1160 
1388335 

1494-8410 
9 


X  kmgitadinal  interval  ... 

Dfoment  of  wedges  uncorrected  =  18449-069 
Correction  for  layer +     410-800 

+  displacement 5435)18859-869(3-55 

E  x  =  E  F  X  sm.  0  =  -78  X  •98  '78 

•96 

624 
•702 


•7644 


EG 


jtG 


.=      3*55 
•76 


:      1-79 

155  tons. 

8-95 
89-5 
179 


Sighting  moment  in  foot  tons  s  277*45 


3)83443-2 

37814-4 
•058 

2-22-5162 
1890720 

1613-2372 
9 

14519-1848 
—    474000 

5425)14471-7348C/fi« 

E  F  X  vers,  e 
=  -78      X       -826 

•78 

6608 

•64     -64428 

2-03  X  155  tons. 
3-02 

3-10 
310 

818-10* 

•  81810  =  work  in  foot 
tons. 


ABEA  OF  INCLINED  WATEB 
SECTION. 

Prodnote  of  OrdiiMfeei. 

Immersed  section  43*6 

Emersed  section 68-0 

111-6 
X  longitudinal  interval... 9 

Area ^  1004-4  sq.  ft. 

CENTEE  OF  GRAVITY  OP  THE 
INCLINED  WATEB  SECTION. 
Prodnoti  of  Bquoras. 

I    Emersed    510-3 

I    Immersed 304^8 

2)305-4 

153-7 
X  longitudinal  interval 9 

-4- area 1004-4)1374^8(l-368^ 

*  l'86eft.  =  tbe  distance  the  centre 
of  gravity  of  the  inclined  water 
plane  is  on  the  emersed  side  of 
the  section. 


LAYEB. 

Excess  in  immersions  -i>  area  of 
Inclined  section  = 

1004-4)816-837(-814 

Thickness  of  layer  =  0-314ft. 


COBBBCTION  FOB   STATICAL 
STABILITY. 

Volume  of  layer  x  distance  C.G.  Is 
towards  the  emersed  side  =  316- 
X  1*8  =  410*8  =  correction. 


COBBECTION  FOB  DYNAMICAL 
STABILITY. 

816*  volume  of  lajrer. 

;15  =  i  thickness  of  layer. 


47^40  ss  correction. 


400 


Yaeht  Architecture. 


Stability  at  90°  Inclination. 


IMMERSED  WEDGE. 


BOTH  WEDGES. 


^? 


r 


STATICAL  STABILITT. 


III 


Dthamicai.  STABiurr. 


i 


43-0 


460^ 
535-8 
623-6 
4911 
861-2 
291-8 
263-6 
234-9 
204-8 
199-8 


460-6 

1577-4 

1867-8 

982-2 

1088-6 

878-9 

527-2 

704-7 

614-4 

199-8 

8891-6 


The  immersed  wed^e  for  this  In- 
clination being  the  smaller,  it  has  to 
be  subtracted  from  the  emened.  (See 
below.) 


EMEBSED  WEDGE. 


0° 

10° 

20° 
80° 

40° 
50° 

... 

60° 

70° 

80° 

90° 

107-2 

460-6 

8990 

341-2 

300-0 

276-9 

275-9 

3 

292-2 

857-5 

510-2 

1241-8 

460-6 
11970 
1028-6 
6000 
880-7 
827-7 
584-4 
1072-5 
1580-6 
1241-8 

9368-4 
-  8891-6 

2)476-8 


X  f  angular  interval.. 


15-59136 
9 


X  longitudinal  interval... 
Excess     in     volume    of 
emersion   =    140-82224 


7456*4 
7471'7 
7945-6 
5749-8 
4050-8  ' 
8835-6 
8317-0 
8586-5 
4945-8 
14754-9 


7466-4 
22415-1  i 
28886-8  . 
11498-6  I 
12152-4  ' 
10006-8    , 

6634*0 
10759-5 
14887-4 
14754-9 


•000 
•178 
-842 
-500 
-642 
-766 
-866 
•940 
-985 
1-000 


X  f  angular  interval.. 


OK) 

8877*8 

8152-3 

5749-8 

7801-8 

7665-2 
I  6745-0 
I  10118*9 
I  14614-8 
I     14764-9 

8)78474-9 

36158-8 

•0664 


1-0000 
-9848 
•9897 

•7660 
-6428 
-5000 
-S420 
•1786 
•0000 


7466-4 
22074*4 
32899*4 
9957-7 
9808-7 
6432*8 
88170 
86797 
2676-7 
0000-0 


10-46883 
180-7916 
1569*498 

1710-76382 
9 


8)87201-1 

29067-1 
•0664 

11-62684* 
146-88S5 
1744-026 


X  longitudinal  interval   ... 

Moment  of  wedges  uncorrected  =16896-77638 
Correction  for  layer +    484-40000 

•»•  displacement  6426)1688M7538(3-9 


E  X  =  E  F  X  sm.  tf  =  -78  X  1*  =  -78 


EG  =      2-90 

-  E  j:  ;78 

xQ    =      2^12 

155  it 

10^60 
1060 
212 

Righting  moment  in  foot  tons  =:  828^60 


1900-98834 
9 

17108-89606 
—      700000 


6436)17 101-89506(S- 

E  F  X  vers,  tf  =  -78  x 
1*  =  -78 


E,G  = 


3*00 

*78 

3*23  X  155  tons. 
3-22 

810 
Sl^O 
310 

S4410* 

•  84410?  workinfbot 
tons. 


ABEA  OF  INCLINED  WATEB 
SECTION. 

Produotfl  or  OrdlxuUw. 

Immersed  section  43*0 

Emersed  section 107-2 

150-2 
X  longitudinal  interval... 9 

Area =  1351-8  sq.  ft, 


CENTBE  OF  GRAVITY  OF  THE  | 
INCLINED  WATEB  SECTION.  | 
_  ProduotR  of  Square*. 

Emersed 1208-0 

Immersed   199-8  i 

2)1008-2 

504-1 
X  longitudinal  interval 9 

+  area 1351-8)4586*9(8-856* 

*  3-356f  t.  =  the  distance  the  centre 
of  gravity  of  the  inclined  water 
plane  is  on  the  emersed  side  of 
the  section. 


LAYER. 

Excess  in  emersions  -f-  ares 
inclined  section  = 

1851-8)140*33324<l 

Thickness  of  layer  =  •Ift. 


CORRECTION  FOR   STATICAL 
STABILITY. 

Volume  of  layer  x  distance  C.G.  ii 
towards  the  emersed  fiide  =  140 
X  3-46  =  484-40  =  correction. 


CORRECTION  FOR  DYNAMICAL 
STABILITY. 

140    volume  of  layer. 

;06  =  I  thickness  of  laysr. 

7-00  =  correction. 


Volume,  of  Wedges  of  Immersion. 
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CALCXTLATING  THfe  VOLUME   AND  OENTRB  OF  .GRAVirt  OP 
THE   WEDGES   OP  IMMERSION  AND   EMERSION.    - 

Volume  of  the  Immersed  Wedge. 
Prom  tlie  table  for'20^^  pS'go  393,  take  the  sum  of  the  products  of  squares 
of  ordinates  for  the  immersed  wedge  (3186-4)  and  divide  it  by  2.     Then 
multiply  by  ^  the  angular  interval  (  =  —5—  =?='058)  and  by  the  longitudinal 
interval  =  9ft.  S186-4  x  058  x  9  =  831-65  -  volume. 


That  is^  the  volume  of  the  wedge  is  831*65  cubic  feet.     The  volume  df  the 
emersed  wedge  would  be  similarly  calculated. 

LOKGITTJDINAL   POSITION   OB   THE   CeNTEB  OF   THE   WeDGE. 

It  must  be  premised  that  in  the  illustration  which  follows,  the  volume 
of  the  wedges  has  not  been  corrected,  as  explained  in  the  tables.  In 
practice  for  this  calculation  the  water-line,  as  shown  by  the  dotted  line. 
Pig.  163,  would  be  drawn,  and  the  ordinates  would  radiate  from  the  point 
b,  instead  of  from  o. 


Fia.  168. 

Take  the  ''products  of  the  squares  of  ordinates"  from  the  tables  for 
L.W.L.  10°  and  20^  pages  392  and  393,  and  multiply  them  as  shown  in 
-the  example  which  here  follows  by  the  numbers,  1,  2,  3,  4,  &c\ 


D   D 
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Taeht  AreMteeture» 


-Bit 

L-WJi 

.  SeolloD. 

10»  Section.                  1 

90»8ee«loii. 

41 

ProdnotB  of 
Sqaarei. 

M. 

Mom«nta. 

Products  of 
Sqnues. 

M. 

MoiiiontB* 

Prodootsof 
SqnAroB. 

M. 

Homeati. 

1 

0-0 

0 

00 

0-0 

0 

00 

0-0 

0 

00 

2 

20-8 

1 

20-8 

24-8 

1 

24-8 

31-2 

1 

31-2 

8 

46-0 

2 

92-0 

640 

2 

108-0 

69-6 

2 

139  2 

4 

I960 

3 

5880 

230-8 

8 

692-4 

382-0 

3 

846-0 

5 

148-0 

592-0 

165-6 

4 

662-4 

184-2 

4 

786-8 

6 

358-2 

1766-0 

868*4 

5 

1842-0 

400-0 

5 

20000 

7 

172-2 

1036-8 

184-2 

6 

1105-2 

196-0 

6 

1176-0 

8 

288-8 

2021-6 

8240 

7 

2268-0 

360-8 

7 

2585-6 

9 

92-4 

739-2 

121-6 

8 

972-8 

148-0 

8 

1184-0 

10 

64-0 

576-0 

104-0 

9 

936-0 

196-0 

9 

17640 

11 

000 

10 

000 
2)7482-4 

0-0 

2)1577-4 

10 

0-0 
2)8611-6 

00 
2)1867-8 

10 

0-0 

2)1882-0 

2)10402-8 

691-0 

3716-2 

788-7 

4305-8 

983-9 

5201-4 

L.W.L..*. 

10<>  

20<>  


691-0 
788-7 
938-9 


3716-2 

4305-8 

5201-4 

2418-6  )13223-4( 
12068-0 

1155-40 
965-44 


5*47  X  Longitadinal  interval. 
9 


189-960 
168-952 

21-008 


49*28  »  the  distuioe  the  centre  of  the 
wedge  is  from  the  stem. 


The  centre  of  tlie  emersed  wedge  was  similarly  calcniatedi  and  found 
to  be  48  feet  abaft  the  foreside  of  stem. 


Teanbyebsi  Position  ot  thb  Csntbb. 

Take  the  snms  of  the  cubes  of  the  ordinates  from  the   tables  for 
L.W.L.  10^  and  20°^  pages  892  and  893^  and  operate  upon  tbem  as  follows : 


Sami  of  cabes 
of  ordinates 

Ooii&OB. 

Prodoota. 

Product!. 

L.W.  L.... 

109     

20O     

3728-8 
4454-2 
5511-3 

100 
-98 
-94 

3728-8 
48651 
5180*6 

1 
4 

1 

3728-8 

17460-4 

5180-6 

X  ^  angular  internal  • 


X  \  longitadinal  Intenral  «  f  ™ 


26369*8 
4*  -     *058 

210*9584 
1318*490 

1529*4484 
8 


•f  Tolune  wedge  831-6)4588-3452(5-5ft 
41580 

430-84 
415-80 


That 


is,  the  centre  of  the  wedge  is  5'5ft.  from  the  point  6,  Fig.  163. 
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The  centre  of  the  emersed  wedge  would  be  similarly  calculated^  using 
the  volume  of  that  wedge  as  the  divisor. 

Vertical  Position  on  thb  Cbntbb  of  thb  Wbdgb. 

This  calculation  only  varies  from  the  preceding  by  using  the  sine  of 
each  angle  iubtead  of  the  co-sine. 


Sumaof  enbes 
of  ordloatea. 

Prodacte. 

Prodacte. 

L.W.L.  ... 

10«     

20°     

8738-8 
4454-2 
5511-3 

•00 
•17 
•34 

0000 

757 

1874 

1 
4 

1 

0000 
8028 
1874 

4902 
X  ^  auffolar  interval  =>            ^058 

89-216 
24510 

284-816 

<  4  longitudinal  interval  =     8 

+  Tolame  wedge  881 -6)852-948(1  02 
831-6 

21-848 


That  is^  the  centre  of  the  wedge  is  l'02ft.  from  the  L.W.L. 
If  the  centre  of  the  wedges  be  thus  determined^  the  stability  can  be 
ascertained  according  to  the  principles  explained  on  pages  23^  24^  &c. 


CALCULATION   OP  THE  EFFECT  OF   SHIFTING    AND 
REMOVING  WEIGHTS  ON  STABILITY. 

It  frequently  becomes  necessary  to  remove  a  portion  of  a  vessel's 
weights^  and  place  it  in  a  different  position  as  to  depth.  For  instance^  a 
portion  of  the  loose  ballast  which  Sea  Belle  has  might  be  taken  from  its 
present  situation  and  added  to  her  lead  keel.  It  is  obvious  that^  if  this 
were  done,  the  centre  of  gravity  of  the  vessel  would  be  shifted  to  some 
lower  position.  By  the  rule  explained  on  page  331,  this  position  can  readily 
be  determined.  Thus :  It  will  be  presumed  that  the  6*3  tons  loose  ballast 
of  the  Sea  Belle  has  been  taken  out  and  placed  6ft.  lower  down,  under- 
neath or  about  the  keel ;  then  the  distance  the  centre  of  gravity  has  been 
moved  will  be  oj  =  ^  ^  *^,  where  W  the  weight  shifted,  d  the  distance  it 
has  been  shifted,  8  the  whole  weight  of  the  vessel,  and  x  the  distance 
the  centre  of  gravity  has  been  shifted ;  or  by  stating  the  exact  values, 
X  =  ^'^^^^2^  =  •24ft.  Thus,  the  centre  of  gravity  of  Sea  Belle  would  be 
shifted  •24ft.,  or  nearly  Sin.  lower,  by  the  removal  of  6'3  tons  to  her  keel. 

n  n  2 
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Bnt  the  object  of  shifting  the  weights  may  not  always  be  simply 
to  obtain  a  lower  situation  of  the  centre  of  gravity ;  it  may  be  to  dispense 
with  some  of  the  other  weights  altogether^  to  reduce  the  displacement, 
and  at  the  same  time  insure  that  the  original  stability  or  righting  moment 
is  secured. 

It  has  been  shown  that  by  shifting  6*3  tons  of  ballast  to  a  greater 
depth  the  centre  of  gravity  was  lowered  •24ft.,  bringing  the  meta-centric 
height  (or  height  of  meta-centre  above  the  centre  of  gravity)  from  3*3ft. 
to  3*54ft. ;  the  righting  moment  in  foot  tons  at  20°  inclination  would, 
therefore,  be  with  the  latter  meta-centric  height  3*54  x  155  x  '342  =  187-6 
foot  tons.  The  righting  moment  with  the  centre  of  gravity  in  its  original 
position  was  174  foot  tons^  and  the  object  now  will  be  to  ascertain  to  what 
extent  weight  can  be  taken  from  the  inside  of  the  huU^  in  the  shape  of 
ballast,  so  as  to  retain  the  original  moment  of  174  foot  tons. 

As  the  position  of  the  centre  of  buoyancy  and  meta-centre  for  different 
displacements  can  only  be  ascertained  by  separate  calculations,  the  process 
of  Calculating  the  exact  quantity  to  be  removed  would  be  rather  tedious, 
and  a  rough  way  of  approximating  the  quantity  will  be  resorted  to. 
To  begin,  it  will  be  best  to  ascertain  what  weight  can  be  further  removed 
to  restore  the  centre  of  gravity  to  its  original  position,  and  then  take  half 
that  weight  as  the  quantity  to  be  removed.^ 

Let  it  be  assumed  that  a  portion  of  ballast,  such  as  the  limber  ballast^ 
whose  centre  of  gravity  would  be  3*  7ft.  below  the  centre  of  gravity  of 
the  vessel  (in  its  new  position)  could  be  removed :  then  the  exact  weight 
to  be  thus  removed  will  bear  the  following  proportion  to  the  6*3  tons 
already  shifted  a  distance  of  6ft.  to  the  keel : — That  is,  as  3-7ft.  is  to  6ft.^ 
so  is  6*3  tons  to  the  quantity  to  be  removed,  which  will  be  termed  x; 

6  X  6'S 

then  3*7 :  6  :  :  6*3  :  05  =  — gry—  =  10  tons.  Half  of  this  quantity  will  be 
taken  for  removal.  If  5  tons  be  so  taken  away,  its  effect  on  the  new 
centre  of  gravity  of  the  vessel  will  be  — jgj-  =  '12;  or,  •12ft.  is  the 
distance  the  centre  of  gravity  would  be  brought  back  towards  its  original 
position^  making  the  meta-centric  height  3*42ft. 

The  displacement  would  thus  be  150  tons,  and  the  righting  moment  at 
20°  inclination  will  be  150  x  3*42  x  '340  =  174  foot  tons.  Thus  5  tons 
could  be  removed  from  Sea  Beliefs  displacement  if  6*3  tons  were  also  taken 
from  the  inside  and  placed  on  her  keel,  and  she  would  retain  an  equal 
righting  power. 

Of  course  this  calculation  is  not  strictly  accurate,  as  a  new  centre  of 
buoyancy  and  meta-centre  ought  to  be  calculated  for  the  altered  immersion 
and  displacement.  This  calculation  would  involve  some  trouble,  and  in 
the  end  Wduid  not  be  very  much  more  accurate  when  the  weight  removed 
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is  not  more  than  *04  of  the  total  weight.  The  extent  she  will  rise  bodily 
out  of  the  water  can  be  read  off  from  a  scale  of  displacement  (see  Fig.  158) 
or  it  can  be  approximated  by  dividing  the  quantity  removed  by  the  dis- 
placement per  inch  of  immersion  at  the  load  water-line.     For  Sea  Belle  the 

B 

displacement  per  inch  at  the  L.W.L.  is  2*64  tons;  then  grgj  =  I'Sin.  =  '158ft. 
If  an  extra  quantity  of  ballast  is  to  be  put  on  board  then  its  distance 
below  the  centre  of  gravity  must  be  ascertained^  and  its  effect  calculated 
thus.  Say  the  weight  to  be  put  on  board  is  5  tons^  and  its  distance  below 
the  centre  of  gravity  3'7ft.,  and  the  increased  displacement  160  tons,  then 
^gQ  ■  =  '116  =  the  distance  the  0.6.  has  been  lowered  or  from  3*3  to 
3-416ft.  The  new  righting  moment  at  20°  will  therefore  be  160  x  3-416 
X  -342  =  187  foot  tons. 


AREA  AND  CENTRE  OP  EFFORT  OF  SAILS. 

The  calculations  for  finding  the  areas  of  sails  and  determining  their 
"centre  of  effort  "are  very  simple.  In  fact,  the  centre  of  effort  is 
found  by  an  almost  mechanical  operation ;  and,  although  this  may  appear 
to  be  a  rather  complex  affair  upon  merely  looking  at  the  sail  plan 
(Plate  XI.),  it  will  not  be  found  to  be  so  if  its  intricacies  be  unravelled 
with  patience. 

The  plate  also  shows  how  the  measurements  to  calculate  the  areas  of 
the  various  sails  are  taken  and  will  be  easily  understood.* 

If  a  straight  edge  be  applied  to  the  after  leach  of  the  mainsail 
it  will  be  found  to  have  a  considerable  convexity,  and  to  allow  for 
this  a  line  is  produced  which  cuts  the  curved  edge  of  the  sail  as 
shown  by  the  ticked  line  A  B  (Plate  XI).  This  ticked  line  will  be 
the  one  used  in  the  calculation,  and  the  curved  line  will  be  wholly 
disregarded. 

The  area  of  the  sails  must  be  first  calculated,  beginning  with  the 
mainsail.  Divide  the  mainsail  into  two  triangles — A  B  0  and  A  C  D. 
The  area  of  each  of  these  triangles  will  be  found  by  the  rule  given  on  page 
326.  Let  a  be  set  off  at  right  angles  to  A  B  from  C,  then  — ^^  =  area 
of  the  triangle  ABC.     Thus,  for  A  B  we  have  71ft. ;  for  a  43ft. ;  then 

71 

48 

218 
284 

2)8058 

1526'5  sq.  ft  »  area. 

*  It  shoiild  be  noted  that  the  head  of  the  maineail  is  shown  mnoh  flatter  than  is  usual. 
The  gaff  usually  makes  an  angle  of  58^  with  the  horizon . 
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Then  for  the  triangle  A  C  D  we  have  for  A  C  74-5ft. ;  for  h  85-5ft. ; 

then 

74-5 
855 

87-25 
872-5 
2235 


2)2644-75 


1822-37  sq.  ft. 
1526-50 


2848-87  «  whole  area  of  maizuail. 


Next  the  area  of  the  foresail  will  be  obtained ;  bnt  as  it  is  of  triangular 
form  no  division  of  the  sail  is  necessary.  The  luff  of  the  sail  will  serve  as 
the  base  of  the -triangle,  and  will  be  represented  by  E  F,  and  the  foot  by 
F  G ;  then  c  will  be  set  off  at  right  angles  to  E  F  to  meet  G.  The  length 
of  E  F  is  50ft. ;  and  c  27ft. ;  then 

27 
50 

2)1850 

675  sq.  ft.  ^  area  of  foresaiL 

The  jib  being  triangular  in  form  will  have  its  area  found  in  a  precisely 
similar  manner.  The  base  of  the  triangle  will  be  the  line  H  I :  from  X 
produce  the  line  d  at  right  angles  to  H  I^  as  in  the  other  examples.  The 
length  of  the  line  H  I  is  7'5ft.^  and  the  length  of  d  is  23*5ft. ;  then 

28-5 
7-5 

11-75 
164-5 


2J176-25 

8812  iq.  fi.  «  area  of  jib. 

The  round  in  the  foot  of  the  jib  was  disregarded;  that  is^  it  was 
assumed  that  a  straight  line  was  produced  from  I  to  K. 

To  find  the  area  of  the  topsail  it  must  be  partitioned  as  was  the 
mainsail;  thus  we  have  L  M  N  forming  one  triangle,  and  L  N  0  the  other. 
The  side  L  N  =  37'3ft. ;  the  perpendicular  e  =  39ft. ;  then 

87-3 
89 

885-7 
1119 


2)1454-7 

727-85  sq.  ft 
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For  the  triangle  L  N  O  we  have  L  O  =  43-5ft.;  and  /  =  22*5ft. ; 

then 

48*5 
22-5 

21-75 
87-0 
870 


2)978-75 

489*87  »  aroa. 
727-85 


1216-72  aq.  ft.  -  whole  area  of  tqpMiL 


Centbi  oi<  Evfobt  oi<  Sails. 


The  mlea  for  finding  the  centre  of  gravity  of  such  figures  as  the 
mainsail^  jib^  and  foresail  haye  already  been  described  on  page  882^ 
and  we  can  proceed  at  once  to  show  the  application  of  these  rules. 

MATTIflAn*. 

The  mainsail  A  B  C  D  (Plate  XI.)  is  divided  into  four  triangles  by  the 
line  drawn  from  A  to  C,  and  by  the  line  drawn  from  B  to  D.  The  centre 
of  gravity  of  each  of  these  triangles  will  be  found.  Taking  that  of  the 
triangle  ABC  first :  the  side  A  B  is  bisected  in  a  {i.e.,  divided  in  the 
middle)^  from  the  point  of  bisection  produce  a  line  to  C.  [In  practice  this 
line  need  not  be  drawn  right  through^  but  only  just  over  that  part  of  the 
figure  in  which  the  judgment  assumes  the  centre  of  gravity  to  lie.]  Next 
bisect  A  0  in  bj  and  produce  a  line  from  the  point  of  bisection  to  B.  The 
point  X  1,  where  the  two  lines  from  a  and  h  intersect^  will  be  the  centre  of 
gravity  of  the  triangle. 

The  centre  of  gravity  of  other  triangles  will  be  found  by  exactly 
the  same  process.  Take  the  triangles  A  C  D  and  bisect  the  lines  A  C  in  b 
and  A  D  in  c.  [It  will  be  found  that  A  C  has  already  been  bisected  for 
the  triangle  ABC,  whose  centre  of  gravity  was  previously  found.] 
Produce  lines  from  6  to  D  and  from  c  to  C,  and  the  point  x  2  where  they 
intersect  will  be  the  centre  of  gravity  of  the  triangle  A  C  D. 

Next  we  have  the  two  triangles  A  B  D  and  B  C  D  to  deal  with. 
Taking  BCD  first,  bisect  the  line  D  C  in  d,  and  from  the  point  of 
bisection  produce  a  line  to  B ;  then  bisect  B  D  in  6  and  produce  a  line  to 
C.  The  intersection  at  a;  8  will  be  the  centre  of  gravity  of  the  triangle 
BCD, 

For  the  triangle  A  B  D  the  necessary  bisections  have  been  made  at  a, 
Bj  or  e,  and  all  that  remains  to  be  done  is  to  prodace  lines  from  a  to  D,  and 
from  e  to  A.     [To  test  the  accuracy  of  the  result  a  further  line  could  be 
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produced  from  o  to  B.]  The  point  of  intersection^  x  4,  will  \>e  tll^  centre 
of  gravity  of  the  triangle  A  B  D.  The  centre  of  gravity  of  the  whole 
figure  (t.e.^  the  mainsail)  will  be  found  ,by  drawing  a  line  from  a?  1  to  a;  2 ; 
then  join  x  3  and  a;  4  in  a  similar  way^  and  the  point  x  5  where  the  two 
lines  intersect  will  be  the  centre  of  gravity  of  the  figure  A  B  C  D,  that 
is  to  say^  the  centre  of  gravity  of  the  mainsail. 

Foresail. 

The  centre  of  gravity  of  the  foresail  will  be  found  by  bisecting  E  F 
in /and  E  G  in  gf,  and  producing  a  line  from /to  Gr  and  from  ^  to  P.  The 
point  of  intersection^  x  6,  will  be  the  centre  of  gravity  of  the  foresail. 

Jib. 

The  centre  of  gravity  of  the  jib  will  be  ascertained  from  bisecting 
H  I  in  /i  and  H  K  in  t ;  then  having  produced  a  line  from  A  to  K  and  from 
%  to  I^  the  point  x  7  where  the  Unes  intersect  will  be  the  centre  of  gravity 
of  the  jib. 

Topsail. 

To  find  the  centre  of  gravity  of  the  topsail  that  sail  must  be  divided 
into  four  triangles^  as  was  the  mainsail.  First  taking  the  triangle  L  M  N, 
bisect  L  N  in  j  and  produce  a  line  from  j  to  M;  then  bisect  M  N  in  A;  and 
produce  a  line  from  k  toh;  the  point  of  intersection ;  x  8,  will  be  the 
centre  of  gravity  of  the  triangle  L  N  O. 

For  the  triangle  L  N  O  bisect  L  N  in  /  and  L  0  in  Z^  produce  a  line 
from  J  to  0  and  from  Z  to  N,  and  their  point  of  intersection,  x  9^  will  be  the 
centre  of  gravity  of  the  triangle  L  N  0. 

The  centre  of  gravity  of  the  two  other  triangles  M  N  O  and  L  M  0 
must  next  be  found  to  complete  the  operation.  Proceeding  with  the 
triangle  M  N  O,  bisect  M  O  in  m  and  produce  a  line  to  N ;  then  bisect 
M  N  in  ft  and  produce  a  line  from  Jc  to  0;  the  point  of  intersection,  x  10 
will  be  the  centre  of  gravity  of  the  triangle  M  N  O. 

llien  proceeding  with  L  M  O,  bisect  M  O  in  m  and  L  O  in  !;  produce 
a  line  from  m  to  L  and  from  Z  to  M ;  the  point  of  intersection,  ie  11,  of  these 
lines  will  be  the  centre  of  gravity  of  the  triangle  L  M  O. 

To  find  the  common  centre  of  gravity  of  the  whole  figure  (i.«.,  the 
topsail)  join  x  8  and  x  9 ;  then  join  x  10  and  x  11 ;  then  the  point,  of 
intersection  at  0  12  will  be  the  centre  of  gravity  of  the  topsail. 

Having  found  the  various  centres  of  the  sails,  calculation  must  be 
resorted  to  for  ascertaining  the  common  centre  of  gravity  of  the  whole  sail 
plan,   generally  termed  ''centre  of   effort^'  of   the  sails;  that  is,  if   the 
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wliole  force  of  tlie  wind  exerted  on  the  sails  were  concentrated  in  one 
pointy  that  point  woold  be  at  the  common  centre  of  gravity  of  the  sails. 

In  the  first  place  a  perpendicular^  P^  must  be  erected  on  the  L.W.L. 
at  the  point  where  the  latter  is  cut  by  the  stem.  The  distance  the  centre 
of  gravity  of  each  of  the  sails  is  from  the  perpendicular  P  will  then  be 
measured  in  -a  horizontal  direction^  that  is^  at  right  angles  to  P^  as  shown 
by  the  dotted  lines  P  x.  Thus  P  x  for  the  mainsail  is  61  •2ft. ;  for  the 
topsail^  P  fl?  1^  is  44'5ft.  j  for  the  foresail^  P  a;  2^  is  20*7ft.  All  these 
distances  are  abaft  the  perpendicular  P ;  the  distance  P  x  for  the  jib  is 
very  sm^ll,  only  O'Sf t.,  and  is  forwa/rd  of  the  perpendicular. 

These  distances  have  now  to  be  multiplied  into  the  area  of  the  BaHsj 
and  the  products  or  moments  will  be  summed  as  hereafter  shown^  and 
divided  by  the  whole  area  of  the  sails. 


MainsaU 

area 

X 

P« 

«    2849  sq.ft. 

X 

61-2ft. 

»    174359 

Topsail 

area 

X 

P0  1 

=    1217  sq.ft. 

X 

44-5ft. 

=      54156 

ForeaaU 

arua 

X 

Fx  2 

=      675  sq.  ft. 

X 

20-7ft. 

»      18973 

Jib 

area 

X 

Pof  3 

-      881  sq.  ft. 

X 

0-3ft. 

264 

The  moments  which  are  abaft  P  (that  is^  those  of  the  mainsail, 
foresail,  and  topsail)  will  now  be  added  together;  from  the  sum  thus 
obtained  will  be  subtracted  the  moment  for  the  jib,  the  centre  of  gravity 
qi  the  sail  being  forward  of  P.  The  corrected  moment  thus  found  will 
be  divided  by  the  uikole  area  of  the  sails,  and  the  quotient  will  give  the 
distance  the  centre  of  gravity  (i.e.,  centre  of  effort)  of  the  sails  is  from  P. 


Mainsail    - 
TopsaU      « 
Foresail    » 

2849. sq.ft.. 

1217  sq.  ft. 

675  sq.  ft. 

MOMKNTS. 

X    61-2    =    174359 
X    44-5    «      54156 
X    20-7    =      13973 

Jib 

881  sq.  ft. 

242488 
X      0-8    =         264- 

Total  area 

5622 

5622)242224(48- 
22488 

17844 
16866 

478 

That  is,  the  centre  off  effort  of  the  sails  is  43ft.  from  the  perpendicular 
P,  represented  on  the  sail  plan  (Plate  XI.)  by  the  circles  C  E. 

It  is  usual  to  calculate  the  centre  of  effort  without  the  topsail ;  in  this 
instance  the  result  without  the  topsail  is  : 

Absas.  Mombntb. 


MainsaU    »    2849  sq.  ft.    X    61*2    -    174859 
Forenil    «     675  sq.  ft.    X    44-6    -      18978 

188882 
Jib  -    J81  sq.ft.  X      0-8    -  264- 

Total  area       4406  4405)188068(42*69 
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That  is^  ake  centre  of  effort  of  the  lowor  sails  is  42*7f t.  abaft  P^  or 
abaft  the  fore  side  of  the  stem  at  the  L.W.L.^  represented  on  the  sail  plan 
by  the  circles  C  E  2. 

The  centre  of  effort  of  the  sails  as  to  height  above  the  load  water- 
line  has  next  to  be  found.  The  distance  the  centre  of  gravity  of  each 
sail  is  above^  and  at  right  angles  to^  the  L.W.L.  will  be  measured.  These 
distances,  represented  by  T  x  4,  Sdc,  will  be  multiplied  by  the  respective 
areas  of  the  sails;  the  whole  of  the  moments  thus  found  will  then  be 
summed  and  divided  by  the  whole  area  of  sails.     For  example 

Absas.  Moimnn. 

Mamsail     «     2849  sq.  ft.  X  34-7  »     98860 

TopfMil       »     1217  Bq.  ft  X  78*7  »     95778 

ForesaU     »       675  aq.  ft.  X  21*2  »     14310 

Jib  «       881  eq.  ft  X  25*2  »     22201 

5622  5622)231149(41*1 

22488 

6269 
5622 

647 

That  is,  the  centre  of  effort  of  the  sails,  including  topsail,  is  4Mft. 
above  the  load  water-line  shown  by  the  circles  C  E. 

The  centre  of  effort  above  the  load  water-line  has  now  to  be  calcalated 
without  the  topsail. 

MonNTs. 


98860 

Foramil     14310 

Jib      22201 

Area  of  lower  buIb    -    4405)185871(30*78 

That  is,  the  centre  of  effort  of  the  lower  sails  is  80-74ft.  above  the 
load  water-line  shown  by  the  circle  C  E  2. 

The  centre  of  effort  of  a  yawl's  sails  would  be  found  in  a  similar 
manner,  excepting  that  the  mizen  would  have  to  be  considered.  As  the 
mizen  will  be  in  form  like  the  mainsail,  no  explanation  is  necessary  as  to 
finding  its  area  and  centre* of  gravity.  When  the  centre  of  gravity  of 
the  mizen  is  founds  its  distance  from  P  will  be  measured,  aud  this  distance 
will  be  multiplied  into  the  area  and  form  part  of  the  moments  of  the 
calculation  for  determining  the  centre  of  effort  of  the  sails. 

The  centre  of  effort  of  a  schooner's  sails  will  be  calculated  in  the  same 
way  as  a  yawl's,  the  mainsail  for  the  purpose  of  the  calculation  being 
in  the  position  of  the  mizen. 

It  should  be  remembered  that  in  all  cciaea  if  there  are  moments 
forward  of  P  they  must  be  subtracted  from  those  which  are  abaft  P  before 
the  sum  is  divided  by  the  whole  area  of  sails. 


Centre  of  Effort  of  Sails. 
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Sometimes  the  perpendicular  P  is  erected  exactly  over  tlie  centre  of 
lateral  resistance  of  the  vessel ;  in  such  a  case  a  large  proportion  of  the 
moments  would  be  forward  of  P,  and,  consequently,  would  require  to  be 
subtracted. 

It  is  of  little  consequence  where  P  is  erected  so  far  as  the  result 
which  determines  the  position  of  the  centre  of  effort  goes ;  but  less  error  is 
likely  to  occur  if  the  perpendicular  is  so  placed  that  a  minimum  of  moments 
has  to  be  deducted ;  and  the  perpendicular  P  might  be  erected  say  at  the 
extreme  fore  end  of  head  sail. 

If  it  be  necessary  to  know  the  height  the  centre  of  effort  is  above 
the  centre  of  lateral  resistance  or  above  the  centre  of  buoyancy,  the 
distance  the  centre  of  lateral  resistance  or  centre  of  buoyancy  is  below 


Fig.  164. 

the  L.W.L.  will  be  added  to  the  distance  the  centre  of  effort  is  above 
the  L.W.L. 

A  rough  method  of  approximating  the  position  of  the  centre  of 
gravity  of  a  cutter's  sails  is  to  assume  that  the  head  sails  and  main 
sail  form  one  triangle,  as  shown  by  the  dotted  line  (Fig.  164) ;  but  unless 
the  boundaries  are  made  with  care  the  results  are  likely  to  be  very 
incorrect. 

It  will  be  seen  that  the  boundary  line  comes  below  the  bowsprit  to 
compensate  for  that  part  above  the  luff  of  the  jib  or  gaff. 

The  area  of  lower  sail  could  be  roughly  calculated  from  such  a 
diagram,  but  the  method  does  not  commend  itself  if  accuracy  is  desired. 

The  line  B  is  bisected  in  b,  and  A  in  a;  also  A  B  in  c.  Lines  are 
then  drawn  from  a  to  the  angle  at  B,  and  from  b  to  the  angle  at  A,  and 
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from  c  to  tlie  angle  below  the  bowsprit  end.  Where  the  lines  intersect  at 
C  E  will  be  the  centre  of  effort  approximately. 

On  page  100  the  practice  of  placing  the  centre  of  effort  ahead  of 
the  centre  of  lateral  resistance  is  explained  as  ranging  from  '01  to  *08  of 
the  length  on  load  line.  The  latter  ratio  will  not  be  found  too  great  for 
vessels  which  hare  their  greatest  draught  about  amidships^  and  they  carry 
the  depth  well  forward  before  the  forefoot  much  rounds  up. 

That  is  to  say,  if  the  length  on  the  load  line  be  41ft.,  then  41  x  '03  = 
l'23ft.  In  some  cases  this  distance  might  be  even  exceeded,  especially  in 
vessels  whose  mainsails  bear  a  very  large  proportion  to  the  total  area  of 
lower  sail. 


CHAPTER   XY. 
DESIGNING. 


Instbuxints  used  in  Drawing^  and  thsib  Makaqsmskt. 
Ir  the  draaglitsman  has  a  knowledge  of  geometrical  drawing  he  will 
find  it  of  much  service  in  delineating  upon  paper  the  various  problems 
connected  with  ship  designing.  However,  with  the  exercise  of  patience 
and  perseverance,  anyone  unacquainted  with  such  drawing  will  be  able  to 
draw  the  various  parts  and  sectional  outlines  of  a  vessel  with  facility.  In 
the  first  place  the  necessary  instruments  must  be  obtained,*  and  it  is 
important  that  all  these  instruments  should  be  accurately  made. 
The  following  enumeration  will  comprise  the  necessary  ''outfit''  for  a 
draughtsman. 

A  large  drawing  board,  6ft.  or  Sft.  in  length  by  3ft.  in  breadth ;  the 
sides  of  this  board  should  be  true,  as  it  may  be  occasionally  necessary  to 
*'  square ''  from  it. 

One  straight  edge  6ft.  in  length ;  one  3ft.  in  length ;  and  one  1ft.  6in. 
in  length. 

One  H  square  2ft.  x  1ft.  3in.  Two  or  three  45^  squares  (these  can  be 
obtained  in  vulcanite).  By  a  45°  square  is  meant  a  right  angled  triangle ; 
where  one  of  the  angles  is  a  right  angle  and  the  other  two  angles  of  45°. 

A  protractor  for  setting  off  angles.  It  will  be  found  very  convenient 
for  setting  off  angles,  and  for  squaring,  to  have  a  square  with  two  equal 
sides,  1ft.  each,  made  in  the  form  of  a  quadrant.  The  arc  will  be  divided 
into  degrees  and  minutes.  Such  an  instrument  can  be  used  for  drawing 
perpendiculars  or  squaring,  or  for  the  setting  off  of  angles. 

One  parallel  rule,  1ft.  in  length.  If  two  are  had,  one  should  be  Sin. 
long,  and  the  other  1ft.  6in. 

Several  scales  of  feet.  The  usual  scales  are  ^in.  =  foot ;  ^in.  =  foot ; 
fin,  =  foot ;  |in.  =  foot ;  fin.  =  foot ;  |in.  =  foot ;  fin.  =  foot ;  lin,  =  foot. 

*  AU  the  mstmmenta  required  \>j  naral  arohiteoto  can  be  obtained  at  Stanley's  Depdt,  Great 
Tnmttile,  Holbom,  London.  The  Admiralty  and  Boyal  Sohool  of  Nayal  Arohiteotnre  are 
■applied  from  ihii  establiahmenl 
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Each  scale  is  divided  into  twelftlis  to  represent  divisions  of  the  foot 
by  inches;  the  underside  of  the  scale  should  be  divided  into  tenths  to 
represent  the  decimal  parts  of  a  foot.  Of  coarse  any  odd  kind  of  scale 
can  be  made  to  suit  particular  cases.  A  scale  3ft.  long  containing  all  the 
scales  (marked  in  twelfths)  should  also  be  had  for  facility  and  accuracy  in 
measuring  great  lengths.*  In  taking  measurements  for  constructing  the 
drawing  all  fractional  parts  of  a  foot  are  described  as  inches ;  but  in  taking 
measurements  for  calculations  the  odd  inches  «are  regarded  as  decimal 
fractions  of  a  foot. 

A  small  box  of  drawing  instruments  containing  compasses  or  dividers 
(with  movable  legs)  and  two  or  three  bow  pens,  must  be  obtained,  or  the 
instruments  can  be  bought  separately.  A  bow  pen  with  an  extra  blade, 
termed  a  section  pen,  will  be  found  very  convenient  for  various  special 
purposes.  The  ''extra''  blade  is  a  little  shorter  than  the  other  two, 
and  serves  as  a  guard  to  keep  the  pen  a  small  distance  from  the  batten  or 
straight  edge  (when  the  bevelled  edge  of  the  latter,  as  it  always  should 
be,  is  uppermost).  It  can  be  regulated  as  to  its  distance  from  the  other  two 
blades  by  a  small  screw — ^thus  it  will  be  found  very  useful  in  drawing  the 
double  lines  representing  the  deck  sheer  and  rail  of  a  vessel. 

For  reducing  or  enlarging  a  drawing  a  pair  of  ''proportional  com- 
passes'' will  be  required.  They  are  made  with  a  sliding  joint  so  that  they 
can  be  regulated  as  required;  that  is  to  say,  if  two  of  the  legs  are  opened 
2in.  the  other  two  will  be  opened  4in. ;  or  if  one  set  of  leg^  be  opened  4in. 
the  other  will  be  opened  3in.,  and  so  on,  one  set  of  legs  being  made  to  bear 
any  required  proportion  to  the  others. 

For  the  drawing  of  carved  lines  a  set  of  flexible  battens  will  be 
required.  Those  made  of  lancewood  will  be  found  to  be  the  best.  The 
battens  will  vary  in  length,  stiffness,  and  size.  For  the  sheer  line  a  batten 
5ft.  or  6ft.  in  length  by  |-in.  by  -^^  in.  at  one  end  and  gradually  tapering 
towards  the  other  end.  A  batten  of  the  same  length,  but  half  as  square, 
will  be  required  for  the  water-lines.  Another  long  batten  tapering  at 
each  end  will  be  found  useful  for  sweeping  in  bow  and  buttock  lines. 
A  corresponding  set  of  battens  about  3ft.  in  length  should  also  be  obtained. 
For  drawing  lines  which  have  abrupt  curves  very  fine  spline  battens  mast 
be  used,  and  these  may  vary  in  length  from  nine  inches  to  two  or  three 
feet.     These  splines  should  be  a  bare  ^in.  wide  by  ^in.  thick. 

The  battens  are  fixed  by  means  of  lead  weights,  and  from  eighteen 
to  twenty-four  of  these  should  be  obtained.  Twelve  should  weigh  61b. 
each,  and  the  others  may  vary  from  31b.  to  41b.  each.     The  most  con- 

*  Cftrdboard  soalas,  with  the  feet  divided  into  twelfths,  can  be  obtuiied  at  Holtsapffial  and 
Oo/b,  Charing-oroBS.    They  are  Is.  eaoh,  and  being  *'  maohine-diyided  "  are  Terj  aoonrate. 
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yenient  form  for  the  weights  is  that  depicted  by  Fig.  165.    Fig.  166  shows 
the  under  side  of  the  lead  weight. 

These  weights  are  sometimes  cased  in  mahogany  or  mounted  on  brass, 
but  a  cheaper  and  equally  good  plan  is  to  fix  them  on  a  mahogany  plate, 
which  terminates  in  a  point,  as  shown.  It  is  this  point  which  rests  on  the 
batten  to  keep  it  in  shape.  A  good  proportion  for  the  large  weights  will 
be  2iin.  high,  l^in.  broad  at  the  shoulder,  and  l^^in.  at  the  thick  end.  The 
extreme  length  of  the  lead  should  be  S^in.  The  lighter  weights  should  be 
very  much  narrower,  and  should  not  exceed  l^in  at  the  broadest  part  at 
the  shoulder,  but  they  need  not  be  less  than  2in.  or  2^in.  in  height,  and 
Sin.  in  length.  It  is  necessary  that  the  wood  upon  which  the  weights  are 
fixed  should  be  hard;  otherwise,  the  point  which  has  to  rest  upon  the 
batten  will  soon  wear  away,  and  there  will  then  be  difficulty  in  holding  the 
batten.  The  wood  on  the  bottom  of  the  lighter  weights  (which  will  be 
used  for  the  splines)  should  project  l^in.  beyond  the  lead  at  the  point, 
gradually  tapering  (see  Fig.  165),~and  project  -^in..  at  the  sides  and  end. 


Fia.  165. 


PiQ.  166. 


It  IS  usual  to  have  a  number  of  curves  of  different  shapes,  known  as 
shipwrights'  curves  and  French  curves ;  but  the  most  useful  form  are  those 
which  are  pear-shaped,  and  made  by  Mr.  Stanley  under  the  name  of 
"  Dixon  Kemp."  With  a  set  of  pear-shaped  curves  or  moulds,  any 
conceivable  curve  can  be  drawn;  and  the  particular  mould  to  suit  a 
special  curve  can  be  more  readily  selected  than  could  the  suitable 
French  curve.  There  are  usually  eight- in  a  set  of  pear-shaped  curves, 
varying  in  length  from  1ft.  to  S^in.  The  edges  of  these  curves  should  be 
bevelled. 

It  was  at  one  time  usual  to  use  curves  or  moulds  for  the  vertical 
sections  shown  in  the  body  plan ;  but  the  small  spline  battens  are  now 
more  generally  used.  In  the  first  place,  if  moulds  are  used,  the  curves 
most  be  drawn  in  several  pieces,  and  unless  the  draughtsman  be  expert  in 
the  use  of  the  pen  or  pencil,  the  various  joints  will  show  in  the  drawing; 
if  a  spline  be  used,  the  whole  curve  can  be  swept  in  at  once,  and  the  line 
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will  be  unbroken  and  cleaner  than  it  will  be  when  done  by  the  more  tenons 
process  with  moulds.  In  bending  the  thin  battens  roand  the  curves  of  the 
sections  of  the  body  plan^  or  round  any  abrupt  curves^  they  must  be 
handled  very  gently  and  patiently,  otherwise  the  batten  will  be  broken,  or 
it  will  fly  out  of  position.  When  the  curves  are  so  abrupt,  as  they  will 
sometimes  be  in  small  drawings,  that  the  spline  cannot  be  bent  round 
them,  the  moulds  will  be  resorted  to.  Before  the  beginner  attempts  to 
define  a  curved  line  by  putting  a  batten  over  spots  alone,  he  should  copy 
one  or  two  body  plans  by  means  of  tracing  paper ;  he  will  thus  become 
acquainted  with  the  peculiarities  of  battens,  and  discover  to  what  extent 
they  must,  in  producing  '^  fair  curves,'^  be  allowed  to  take  their  natural 
curves  and  inflexions,  or  to  what  extent  they  are  sometimes  forced  out  of 
these  natural  curves  and  inflexions. 

One  part  of  a  curve  may  be  "  fair  "  with  another  part  of  the  curve, 
although  the  batten  may  require  some  humouring  to  get  it  round  the 
Unes.  This  will  frequently  be  found  to  be  the  case  when  lines  have 
contrary  flexures. 

When  the  batten  has  been  secured  in  its  proper  position  round  the 
curve  by  the  lead  weights,  the  draughtsman  must  pass  his  eye  along  the 
batten  to  see  that  none  of  the  weights  overlap  or  protrude  beyond  the 
batten ;  if  they  do  so  overlap,  the  pen  might  be  thrown  out,  and  a  very 
ugly  scrawl  would  then  occur  on  the  drawing.  If  the  section  pen  before 
referred  to  be  not  used,  great  care  must  be  taken  to  avoid  the  point 
getting  underneath  the  batten ;  if  it  does  so  get  underneath,  all  the  ink 
will  be  instantly  extracted  from  it,  and  the  line  will  consequently  be 
blurred.*  No  parts  of  a  drawing  should  be  inked  in  until  it  is  completed 
as  a  whole  in  pencil. 

Thb  Construction  Dbawinq. 

In  representing  a  vessel  on  paper,  it  is  usual  to  have  three 
projections :  the  Sheer  Plan,  the  Half- breadth  Plan,  and  the  Body  .Plan 
(see  Plate  XII.) 

The  Sheer  Plan  represents  the  longitudinal  and  vertical  section  of 
the  vessel.  On  it  the  water-Unes  appear  as  straight  lines,  and  the  buttock 
lines  and  bow  lines  as  curves.  If  the  drawing  be  to  the  moulding  of  the 
frames  (that  is,  without  the  plank),  the  water-lines  will  terminate  in  the 
rabbet  of  the  stem  and  stern-post;  if  the  drawing  be  to  the  outside  of 

*  Many  nsefnl  hints  on  the  management  and  use  of  drawing  instraments,  fto.,  wiU  be  fooad 
in  a  little  work  called  "  The  Workman's  Manual  of  Engineering  Drawing/'  published  by  Lookwood. 

The  best  paper  is  that  known  as  "  continuous  drawing  paper."  It  can  be  obtained  5ft  or 
6ft.  wide,  in  100yd.  lengths,  of  Messrs.  Waterlow,  24,  Birohin-lane,  LoQdon,  E.C. 
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the  plank^  the  water-lines  will  be  continued  to  the  extreme  edge  of  the 
stem  and  stem-post. 

The  Half-breadth  Plan  represents  the  longitudinal  and  horizontal 
section  of  the  vessel ;  on  it  the  water-lines  are  curves^  and  the  buttock 
and  bow  lines  straight  lines. 

The  Body  Plan  represents  transverse  vertical  sections  of  the  vessel, 
and  on  it  the  water-lines^  diagonal  lines^  buttock,  and  bow  lines  appear  as 
straight  lines.  (The  water-lines,  however,  may  not  necessarily  be  straight 
lines ;  if  the  keel  of  the  vessel  be  made  the  base  line,  and  if  the  keel  be 
not  parallel  to  the  load  water  and  other  water-lines,  then  the  water-lines 
will  show  with  some  curvature  in  the  Body  Plan.  However,  so  far  as  yacht 
bidlding  is  concerned,  the  general  practice  is  to  make  the  load-water  line 
the  base  line.) 

Prom  the  sheer  plan  are  obtained  the  heights  (the  freeboard)  for  the 
vertical  sections  above  the  water,  and  the  depths  below.  The  ending  of 
the  water-lines  at  the  stem  and  at  the  stem-post ;  and  the  trae  shape  of 
the  buttock  lines  and  the  bow  lines. 

From  the  half-breadth  plan  are  obtained  the  half  breadths  for  the 
deck  and  the  half  breadths  for  the  water-lines;  and  the  ending  of  the 
bcw  line  by  its  intersection  with  the  deck  line;  and  the  ending  of  the 
buttock  line  at  the  stem. 

Knowing  the  heights,  depths,  and  breadths  of  the  vertical  sections 
and  the  depths  of  the  buttock  lines,  the  body  plan  can  be  constructed. 

It  is  frequently  the  practice  to  complete  the  sheer  drawing  first,  but 
there  is  no  reason  for  so  doing,  and  it  may  be  often  found  more  con- 
venient to  draw  each  plan  by  stages,  as  one  part  interprets,  or  is  required 
to  interpret,  another.  It  was  found  convenient  to  adopt  the  method  in 
the  description  which  follows,  but  it  is  not  intended  to  be  arbitrary. 
Indeed,  the  description  given  is  only  intended  to  assist  those  who  have 
no  knowledge  of  designing,  and  the  young  designer  as  he  gains  experience 
will  vary  the  procedure  according  to  his  judgment  or  convenience. 

It  will  be  assumed  that  the  displacement  of  the  vessel  is  to  be  about 
14  tons,  and  length  on  load  line  36ft.,  and  breadth  8ft.  The  drawing  in 
this  case  will  be  made  with  the  plank  on ;  and,  as  a  rule,  this  is  the  more 
convenient  plan,  although  subsequent  trouble  will  be  incurred  in  taking  off 
the  plank  for  laying  down  in  the  mould  loft. 

Take  the  straight  edge  and  produce  the  line  A  B  at  some  convenient 
distance  from  the  lower  edge  of  the  paper ;  this  line  will  be  the  base  line 
of  the  half-breadth  plan,  and  all  ordinates  will  be  drawn  at  right  angles 
to  it.  Having  determined  that  the  length  of  the  vessel  shall  be  36ft.  on 
the  water-line  from  the  fore  side  of  the  stem  to  the  aft  side  of  the  stem- 

E  s 
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post,  and  the  extreme  beam  8ft.,  then  set  off  the  length  on  the  line  at  AB 
from  a  to  b. 

Next  take  the  square,  and  from  the  points  a  b  erect  two  perpendiculars 
C  and  D.  On  these  perpendiculars  set  off  P  and  G  at  convenient  equal 
distances  from  a  and  6,  as  the  positions  for  the  load  water-line  on  the  sheer 
plan,  which  will  thus  be  drawn  parallel  to  the  middle  line  of  the  half 
breadth  plan.  The  distances  between  a  b  and  P  G  will  equal  the  half 
breadth  and  the  draught  of  water  of  the  vessel;  but  the  distance  had 
better  be  a  little  greater,  or  the  keel  might  come  inconveniently  near  the 
water-lines  or  deck  line  of  the  half  breadth  plan.  Say  the  half  beam  of 
the  vessel  is  4ft.  and  the  draft  of  water  7ft. ;  this  will  make  lift.,  so  13ft. 
can  be  taken  as  a  convenient  distance  between  a  b  and  P  G.  With  the 
straight  edge  draw  the  line  through  L.W.L.,  and  produce  it  far  enough 
to  left  to  form  the  load  water-line  of  the  body  plan  as  well. 

Next  the  position  of  the  midship  section  must  be  determined;  first 
find  the  centre  of  length  of  the  load  line  at  g,  and  having  determined  that 
the  midship  section  shall  be,  say,  'OSft.  of  the  length  on  the  load  hue 
abaft  the  centre  of  length,  multiply  86  by  '05  =  l'8ft. 

[If  the  mid-section  is  to  have  considerable  rake  (see  page  177),  the 
greatest  half  breadth  on  the  load  water-line  might  come  farther  aft  than 
the  position  assigned  by  the  factor  -05.] 

Set  off  this  distance  from  g  to  3lf ,  and  drop  a  perpendicular  from  y^ 
to  the  half  breadth  plan  also  marked  yf.  This  will  be  the  position  of  the 
midship  section  in  the  vessel. 

Measure  the  distance  )(  6,  and  divide  it  into  eight  equal  intervals 
by  the  ordinates  1,  2,  3,  4,  5,  6,  7.  In  this  case  the  length  is  19'8ft.  which, 
divided  by  eight,  gives  intervals  of  2 •475ft.  each,  or  as  nearly  as  possible 
2ft.  Gin.  The  ordinates  at  these  intervals  should  be  drawn  as  lightly  as 
possible,  as  they  are  only  temporary  contrivances  for  assistance  in  drawing 
the  load  water  line,  and  may  be  subsequently  removed. 

[If  the  drawing  is  to  be  made  without  the  plank,  then  the  half  siding 
of  the  stem,  rabbet,  and  boarding  must  be  drawn  on  the  half  breadth 
plan.  (See  "  Laying  Off.'')  Say  the  half  siding  (i.e.,  half  thickness)  of 
the  stem  is  to  be  2in.,  and  the  moulding  of  it  (i.e.,  its  width  from  its 
fore  side  to  aft  side)  7in. ;  set  off  these  distances  at  b,  and  the  rabbet 
will  be  found  when  the  water  lines  are  drawn  ^by  knowing  the  thickness 
of  the  plank,  and  setting  that  thickness  off  at  right  angles  to  the 
water-line.  It  should  be  noted  that  the  appearance  of  the  lines  with- 
out the  plank  will  be  somewhat  different  to  what  they  would  be 
with  the  plank  on ;  this  will  be  especially  noticeable  in  the  load  water- 
line  aft.l 
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The  beam  on  the  load  line,  to  allow  for  a  little  roundness  of  side,  has 
been  fixed  at  7ft.  7in.  The  half  beam  on  the  load  line  will  therefore  be 
8ft.  6in.  Set  out  this  distance  on  the  line  ^  M  for  the  greatest  half 
breadth,  the  load  water  line  in  the  half  breadth  plan. 

It  will  be  assumed  that  the  factors  on  page  173  have  been  selected  for 
computing  the  ordinates  of  the  fore  part  of  the  load  water-line,  and  the 
greatest  half  breadth  will  be  consecutively  multiplied  by  them. 

Greatest         w^ux^n^-.       Length  of 
halfbreadthB.     Multipliers.      ordSates. 

7 3-6ft.  X  -9838  ==  3-54ft. 

6 3-6ft.  X  -9183  =  3-31ft. 

5 3-6ft.  X  -8125  =  2-92ft. 

4 3-6ft.  X  -6700  =  2-41ft. 

3 3-6ft.  X  -5000  =  l-SOft. 

2 3-6ft.  X  -8200  =  115ft. 

1 3-6ft.  X  -1500  =  0-54ft. 

These  distances  will  be  set  off  on  the  half  breadth  plan  on  the 
ordinates  1,  2,  3,  4,  5,  6,  7 ;  a  small  spot,  or  cross,  or  other  mark,  being 
made  with  the  pencil  at  each  point.  The  batten  must  now  be  taken  and 
bent  round  the  spots^ — ^not  over  them,  but  just  clear  inside,  so  as  to  admit 
the  pencil  going  over  them.     If  the  ordinates  have  been  carefully  calcu- 


lated and  set  off  the  batten  will  take  all  the  spots  in,  and  the  curve  will  be 
a  fair  one. 

It  will  be  convenient  at  this  stage  to  draw  the  sheer  of  the  vessel 
which  represents  the  deck  line.  There  is  no  rule  as  to  what  sheer  should 
be  given,  but  generally  it  is  considered  that  the  vessel  is  sufficiently  high 
at  the  bow  if  the  height  there  exceeds  the  height  at  3l(  as  1  to  16.  In 
this  case  the  height  at  ^  m  is  2*1,  which,  multiplied  by  1*6,  the 
product  will  be  3'4ft.  The  distance  will  be  set  off  on  the  perpendicular  C 
above  the  L.W.L.  at  the  fore  end  of  the  load  water  line,  and  a  batten 
from  the  point  so  obtained,  passing  through  m  and  D.  The  height 
at  D  and  H,  and  the  exact  curve  of  the  sheer,  will  be  regulated  according 
to  the  requirements  of  the  buttock  lines  and  the  judgment.  The 
rake  and  line  of  the  aft  side  of  the  stern-post  will  be  then  drawn 
from  the  deck  line,  and  passing  through  F.  /is  the  aft  side  of  the 
rudder  post. 

[Sheering  a  vessel  is  a  matter  of  fancy,  but  a  good  flowing  curve  can 
be  constructed  as  follows  :  Divide  the  distance  (Fig.  167)  as  {h  being  the 

E  E  2 
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after  end  of  the  quarter  timber)  into  four  equal  parts^  and  measure  the 
height  at  the  fore  end  at  o  of  the  load  water  line  from  the  L.W.L.  to  the 
deck  line.  This  height  will  then  be  multiplied  by  the  following  feMJtors  at 
the  \,  iy  ij  and  a  points. 


0    

Steunar. 

....     1-00     .... 

Sohoontr. 
1-00     

Onttsr. 
1-00 

i 

* 

* 

stem  end  of  L.W.L.  .. 

....       -71     

-78     

-72 

•57     

-58     

-55 

•58     

-56     

-52 

•71     

-62     

-57 

«   

....       -81     

-72     

-72 

It  will  be  noted  that  the  rail  follows  the  deck  line  until  near  the  } 
distance,  when  it  becomes  straighter,  and  causes  a  graceful  taper  in  the 
two  outlines.] 

The  stern  post,  keel  outline,  fore  foot,  and  stem  will  next  be  drawn. 
The  stem  post  may  have  great  or  little  rake,  according  to  the  judgment. 
In  this  case  it  has  been  fixed  at  35°.  If  the  greatest  depth  has  been  fixed, 
say,  at  7ft.,  set  off  this  distance  below  the  L.W.L.  at  the  point  where  it 
has  been  determined  the  greatest  depth  shall  be;  in  this  case  it  has 
been  put  at  the  sternpost.  The  curve  of  the  fore  foot  will  be  determined 
by  the  judgment  in  accordance  with  the  principles  set  forth  in  the  chapters 
on  lateral  resistance  and  the  modem  form  of  stem,  as  depicted  in  many  of 
the  Plates,  that  of  Isolde  being  a  good  example.  It  is  usual  for  the  upper 
part  of  the  straight  stemmed  yachts  above  the  L.W.L.  to  rake  forward, 
otherwise,  if  the  stem  is  quite  perpendicular  to  the  L.W.L.,  it  will  appear 
to  rake  aft  as  the  vessel  sits  on  the  water. 

The  sheer  plan  must  now  be  left  in  order  to  proceed  with  the  midship 
section  as  traced  in  the  body  plan. 

First  produce  the  vertical  line  E  E  (Body  Plan  1)  at  right  angles 
to  the  L.W.L.     This  will  be  the  middle  line  of  the  body  plan. 

The  extreme  half -breadth  4ft.  must  now  be  set  off  on  the  L.W.L.  on 
either  side  of  E  E,  and  through  the  points  perpendiculars  will  be  erected, 
as  represented  by  h  h,  i  i. 

Next,  the  depth  of  the  vessel  from  the  L.W.L.  to  the  underside  of  the 
keel,  and  to  the  lower  edge  of  the  rabbet  of  the  keel,  at  the  mid-section  are 
5ft.  and  6ft.  3in.  respectively,  then  set  off  5ft.  on  E  E  from  ktoj;  next  the 
width  of  the  keel  will  be  (say)  at  amidships  9in. ;  set  off  this  distance  acrostf 
E  E  at  y.  Then  divide  the  distance  from  k  to  j  into  four  equal  intervals  by 
the  lines  or  ordinates  1 , 2, 3,  4,  5.  These  lines  can  then  be  produced  through 
the  sheer  plan,  and  must  be  drawn  strictly  parallel  to  the  L.W.L.  They 
will  also  be  numbered  1,  2,  3,  4,  5,  if  the  draughtsman  finds  it  convenient 
to  do  so.  [The  distance  from  j  to  the  L.W.L.  can  be  divided  into  any 
number  of  intervals,  but  generally  4  will  be  found  sufficient ;  that  number 
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Trill  give  an  uneven  number  of  ordinates  for  the  calculation^  and  moreover^ 

in  this  case,  give  an  ordinate  at  the  mid-depth,  which  will  be  presently 

referred  to.] 

The  height  of  the  freeboard  will  next  be  determined  by  the  rale  given 

on  page  19. 

Beam  +  ./Length 

Set  off  this  distance  on  i  i,  above  the  L.W.L.  at  I,  also  on  the 
sheer  plan  from  3lj[  to  M. 

A  rough  rule  for  approximating  the  area  of  midsection  for  any  given 
displacement  would  be  from  the  rule  devised  on  page  180. 


Displaoement 

l7w:l^ 


X  1-7. 


(The  displacement  will  be  taken  in  cubic  feet.)  This  assumes  a 
constant  ratio  a  little  fuller  than  a  wave  form  in  the  longitudinal  growth 
of  the  displacement,  as  explained  on  page  132,  for  all  vessels,  and  is  only 
intended  as  a  guide  for  a  trial  section.  In  the  case  before  us  we  have 
a  displacement  of  14  tons,  or  490  c.f .,  and  a  length  L.  W.L.  of  36.  The 
whole  area  of  misdirection  will  therefore  be 


^  X  1-7  =  23  sq. 

36  ^ 


ft. 


The  form  of  the  curve  must  be  fashioned  according  to  the  require- 
ments of  the  case  and  the  judgment.  Having  decided  on  the  form,  take 
one  of  the  small  splines,  and  bend  it  gently  to  form  the  curve,  as  shown  in 
the  body  plan.  The  spline  will  be  pinned  by  weights  when  the  curve 
appears  to  be  such  as  required ;  sweep  it  lightly  in  with  a  pencil,  and  then 
determine  the  area  by  Simpson's  first  rule.  In  this  case  we  have  for  the 
lengths  of  the  ordinate  : 


A 

jB  la 

i 

« 

«a 

^ 

L.W.L 

8-87 
3*40 

1 

4 

3-87 
13-60 

W.L 

..  2 

W.L 

..  3 

2-23 

2 

4-46 

W.L 

..  4 

0-90 

4 

3-60 

W.L 

..  5 

0-30 

1 

0-30 

3)25-83 

8-61  X  interval  of  l-25ft. 
1-25 

•4305 
1-722 
_8-61_ 

10-7625  sq.  ft.  =  half  area. 
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Thus  the  half  area  of  the  midship  section  withoat  the  underpart  of  the 
keel*  is  10*76  square  feet.  The  area  of  the  half  siding  of  the  keel 
below  No.  5  water-line  is  '53  sq.  ft.,  therefore,  the  total  half  area  of  the 
midsection  will  be  11'3  sq.  ft.,  and  the  whole  area  22*6  sq.  ft.  This  can  be 
taken  as  a  suj£ciently  close  approximation  to  obtain  the  desired  displace- 
ment. So  far  the  midship  section  is  disposed  of,  and  its  second  half 
can  be  swept  in  on  the  left-hand  side  of  the  middle  line  of  the  body 
plan.  This,  however,  is  a  mere  matter  of  fancy,  and  it  is  usual  to  put  the 
midship  section  on  the  right  hand  of  the  body  plan  only. 

The  water  line  at  the  mid-depth,  between  the  load  water-line  and 
the  rabbet  of  the  keel,  will  now  be  put^  in  the  half  breadth  plan.  Take 
the  half  breadth  of  No.  3  water-line  (from  the  body  plan)  and  set  it  off 
on  the  half-breadth  plan  on  the  ordinate  at  y^  to  n.  Next  the  length 
of  the  ordinate  at  No.  4  station  on  the  half-breadth  plan  has  to  be 
determined.  The  ordinate  [^  n  is  2*23ft.,  and  *53  can  be  taken  as  a  good 
proportion  of  that  length  for  the  ordinate  at  No.  4.  (See  page  171.) 
2-23  X  0-55=l-265ft. 

Set  off  l'26ft.  from  4  to  o  on  the  half -breadth  plan.  A  moderately 
stifi  batten  must  now  be  taken  and  put  over  the  spots  at  n  and  o.  The 
batten  must  not  be  allowed  to  take  a  straight  line  between  n  and  o,  but 
must  be  fixed  by  a  weight  so  as  to  have  a  fulness  in  much  the  same 
proportion  as  the  fulness  of  the  L.W.L.  In  fact,  the  lines  will  have 
almost  parallel  parts.  The  line  will  terminate  forward  in  the  rabbet  of 
the  stem^  but  a  full  explanation  of  this  will  be  deferred  until  the  sheer 
plan  is  complete. 

The  after  body  will  next  be  dealt  with,  and  in  the  first  place  the  mid- 
buttock  line  must  be  determined,  but  before  dealing  with  the  mid-buttock 
line  it  will  be  well  to  explain  what  it  represents.  In  the  first  place  on  the 
body  plan  draw  the  line  p  p  parallel  to  E  E,  and  in  this  case  at  the  mid- 
distance  between  E  E  and  h  h.  If  the  model  were  sawn  through  in  a  fore 
and  aft  direction,  the  sectional  outline  of  the  parts  when  separated  would 
form  a  curve,  the  outline  of  which  would  be  shown  on  the  sheer  plan,  and 
would  represent  the  run  of  the  quarter ;  this  would  be  the  buttock  line,  and 
we  will  now  proceed  to  trace  it.  Determine  at  what  point  forward  of  P 
(on  the  sheer  plan)  the  buttock  line  shall  cut  the  load  water-line;  and 
this  distance  has  been  fixed  as  *  18  of  the  distance  F  yi^;  the  latter  distance 
is  16-2ft.,  and  16-2  x  018  =  2-9ft.  The  distance  2-9ft.  will  be  set  off  on 
the  L.W.L.  (on  the  sheer  plan)  from  P  to  q. 

Next  the  distance  r  a  (on  the  body  plan)  will  be  measured  from  the 
load  water-line  at  r  to  the  point  where  the  buttock  line  p  p  cuts  the 
*  In  practioe  the  keel  would  be  included. 
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midsliip  section  at  a.    This  distance  is  2*8ft.^  and  must  be  set  oS  at  ^  in 
the  sheer  plan  from  yi^  to  S. 

The  distance  q  to  "^  has  now  to  be  divided  into  eight  equal  intervals. 
The  distance  is  I3'2ft.  and  -^-  =  l*65ft.,  that  is,  the  divisions  for  the 

o 

intervals  will  be  l*65ft.  apart,  and  must  be  set  off  perpendicular  to  the 
L.W.L.  line  in  the  sheer  plan  at  1,  2,  3,  4,  5,  6,  7. 

For  the  form  of  the  buttock  lines  a  common  parabola  will  be  taken,  the 
factors  for  which  are  given  in  the  table,  page  176.  The  distance  ^  a  will 
be  successively  multiplied  by  these  factors,  and  the  products  will  be  the 
length  of  the  ordinates  1,  2,  3,  4,  5,  6,  7. 

8 2-8ft.  X  1-000  «  2-80ft. 

7 2-8ft.  X  -984  =  2-75ft. 

6 2-8ft.  X  -937  «  2-62ft. 

5 2-8ft.  X  -859  «  2-40ft. 

4 2-8ft.  X  -756  =  211ft. 

3 2-8ft.  X  -610  =  l-70ft. 

2 2-8ft.  X  -437  «  l-22ft. 

1 2-8ft.  X  -234  =  0-65ft. 

These  distances  will  be  set  off  on  the  perpendiculars  dropped  from  the 
L.W.L.  (on  the  sheer  plan)  between  [Jjj]  and  q,  and  numbered  1,  2,  3,  4,  5, 
6,  7.  A  batten  will  next  be  taken  and  placed  over  the  spots  commencing 
at  S,  and  passing  through  q  will  intersect  the  sheer  or  deck  line  at  a  point 
determined  by  the  height  and  breadth  of  the  counter.  It  must  be 
remembered  that  the  drawing  is  being  made  without  the  plank,  and  that 
the  point  q  would  be  farther  aft  if  the  plank  were  on;  in  fact,  '17  would 
probably  have  been  chosen  to  determine  the  point. 

The  buttock  line  it  will  be  seen  cuts  the  deck  at  A,  and  is  shown  in 
the  half-breadth  plan  at  I.  If  the  deck  here  were  made  broader,  it  would 
put  the  point  of  intersection,  I,  farther  aft,  and  H  would  go  aft  too.  This 
would  bring  about  a  contrary  flexure  in  the  buttock  line  in  the  counter  so 
conmion  a  few  years  ago,  but  now  generally  avoided  by  narrowing  the 
counter  aft.  This  fashion,  whilst  causing  some  deck  room  to  be  lost, 
lightens  the  counter  somewhat,  a  not  unimportant  consideration  in  these 
days  of  great  overhang. 

The  buttock  line  has  now  to  be  used  for  determining  the  shape  of  the 
load  water-line  aft  on  the  half-breadth  plan.  In  the  first  place,  the  distance 
r  fc  on  the  Body  Plan  must  be  taken  off  and  transferred  to  the  half  breadth 
plan  as  a  E.  Through  E  produce  a  line  parallel  to  A  B ;  this  line  will 
be  the  buttock  line. 

Next  take  the  distance  F  q  from  the  sheer  plan,  and  set  it  off  in  the 
half -breadth  plan  on  the  buttock  line  from  E  to  q^.  This  will  be  called 
squaring  down  from  qto  q^;  that  is,  if  one  side  of  an  "|  square  were  placed 
on   the  L.W.L.  in  the  sheer  plan  at   the  point  5,  the  other  side  would 
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intersect  the  buttock  line  on  tlie  half-breadth  plan  at  q^.  The  spot  at 
q^  will  be  where  the  load  water-line  intersects  the  battock  line  on  the  half- 
breadth  plan^  the  point  here  of  course  being  in  exactly  the  same  position 
as  the  point  of  intersection  in  the  sheer  plan. 

Next  the  ending  of  the  load  water-line  in  the  stem-post  must  be 
found;  the  half  siding  of  the  stern-post  will  be  drawn  at  a  on  A  B, 
as  shown.  Then  a  batten  will  be  taken^  and  starting  from  the  greatest 
half  breadth^  at  ?(![,  will  join  the  stern-post  at  a,  intersecting  the  buttock 
line  at  q^.  Care  must  be  taken  that  the  batten  does  not  spring  out 
beyond  the  greatest  half  breadth ;  nor  must  the  line  be  needlessly  flat, 
but  of  such  a  gentle  curve  as  is  consistent  with  maintaining  a  good  length 
of  body.  In  yachts^  however,  which  are  relatively  narrow,  the  load  water- 
line  amidships  for  some  distance  is  as  nearly  as  possible  parallel  to  the 
middle  line  A  B. 

The  water-line  No.  2  in  the  after-part  of  the  half-breadth  plan  can  now 
be  drawn.  From  the  body  plan  take  the  half-breadth  of  the  midship 
section  at  No.  2  water-line,  and  transfer  it  to  the  line  }(  on  the  half- 
breadth  plan,  from  ^  to  u.  Next,  the  buttock  line  in  the  sheer  plan  cuts 
No,  2  water-line  at  v  ;  from  v  square  down  to  the  half -breadth  plan  to  v^. 
Then  square  down  from  the  aft  side  of  the  stern-post  (at  its  intersection 
with  the  second  water-line)  to  the  half-breadth  plan;  this  will  give 
the  extreme  stern  end  of  No.  2  water-line.  A  batten  from  w,  and 
passing  through  t?*,  will  temporarily  determine  the  shape  of  the  second 
i^ater-line. 

As  a  further  aid  towards  constructing  the  drawing  a  diagonal  line  can 
be  made  use  of.  This  diagonal  line  will  be  regarded  as  an  approximation 
to  a  "  dividing  line.^'* 

From  the  intersection  of  E  E  and  L.W.L.  at  a  in  the  Body  Plan  draw 
the  diagonal  a  b.  The  diagonal  cuts  the  perpendicular  i  %  and  A  /i  at  a 
distance  equal  to  quarter  the  greatest  beam  below  the  L.W.L.  It  has  been 
found  that  this  diagonal  has  almost  a  constant  value  in  existing  yachts  as 
follows :   Divide  the  fore  body  into  eight  equal  intervals  and  the  after 

*  Diyiding  lin« "  ii  the  term  given  by  Lord  S.  Mcmtagne  to  a  normal  line,  nurning  from. 
the  stem  to  the  stem,  orossing  at  right  angles  the  rertioal  projection  of  each  fnune.  Thna, 
suppose  a  Teasel  to  be  in  frame,  and  that  a  narrow  plank  has  been  extended  round  the  frames 
from  the  stem  to  the  stem ;  then  this  plank  will  take  the  direction  of  a  normal  line  and  rest  ll&t 
on  the  frames  at  points  whose  surfaces  correspond  with  the  plane  assumed  by  the  plank  during 
its  curvature.  The  lower  edges,  or  lands,  of  the  planks  of  boats  can,  therefore,  be  regarded 
as  normal  lines.  The  term  ^  dividing  lines  "  was  applied  to  them  because  a  normal  line  represents 
the  supposed  track  any  particle  of  water  would  take  in  gliding  over  the  bottom  of  a  vessel  Henee 
the  water  is  divided,  or  thrust  out  of  the  way,  in  directions  at  right  angles  to  the  point  of  contact, 
so  that  in  fact  the  normal  Ivnea,  and  not  the  horizontal  or  water-lines,  would  indicate  the  true 
lines  of  resistance. 
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body  into  four  equal  intervals.     Then  the  ordinate  at  each  interval  will 
bear  the  following  proportion  to  the  longest  ordinate  a  g. 
No.  0     0000     Fore  end. 

1    eri75 

2  0-350 

3  0-515 

4  0-667 

5 0-800 

6  0-900 

7  0-970 

Sag  1-000     Mid-seotion. 

T     0-960 

U    0-780 

V    0-450 

0     0-000     Stem  end. 

Divide  the  base  line  for  the  diagonal  into  eight  equal  intervals  for  the 
fore  body,  as  shown  by  1,  2,  3,  4,  &c.,  and  quarter  intervals  for  the  after 
body,  as  shown  by  T,  U,  V,  0.  Take  off  the  distance  a  g  along  the  diagonal 
a.nd  multiply  it  successively  by  the  factors  just  given.  The  distance  in  this 
case  is  3*5ft.,  and  this  length  will  be  multiplied  by  the  factors  as  described. 
For  instance,  the  factor  for  No.  4  station  is  0*667,  which  multiplied  by  3*5 
gives  2'33ft.  This  distance  will  be  set  off  on  No.  4  ordinate  from  a  to  e. 
{See  "  Base  Line  *'  for  diagonal,  Plate  XII.)  When  the  ordinates  for  the 
eight  intervals  and  the  four  intervals  have  been  consecutively  computed 
and  set  ofiF  on  their  proper  stations  the  curve  representing  the  diagonal  or 
dividing  line  will  be  swept  in.  At  the  stem  end  the  half  thickness  of  the 
stem  post  will  have  to  be  allowed  for  unless  a  portion  of  the  counter  is 
immersed. 

So  much  of  the  drawing  is  now  complete  that  the  remaining  sections 
for  the  body  plan  can  be  easily  finished.  If  the  draughtsman  so  chooses  he 
can  erase  the  whole  of  the  ordinates  (excepting  the  one  at  J(]  on  the  half- 
breadth  plan)  and  insert  new  ones  at  more  convenient  distances ;  however, 
in  this  case  it  was  not  found  necessary  to  remove  the  ordinates  in  the  fore 
body,  as  the  divisions  were  suitable  for  the  working  drawing;  but  the 
distance  abaft  '0  was  divided  into  spaces  equal  to  the  spaces  in  the  fore 
body,  and  will  be  found  numbered  9,  10,  11,  12,  13,  14. 

A  balance  section  is  now  taken  from  the  half-breadth  plan  at  number 
4  station,  and  projected  in  the  body  plan.  Four  points  in  the  section  are 
given  : 

1.  Its  height  above  the  load  water-line  on  the  Sheer  Plan  at  J. 

2.  The  breadth  of  the  load  water-line  on  the  half -breadth  plan 
represented  by  4  y. 

3.  The  half-breadth  on  the  second  water-line  on  the  half-breadth  plan 
represented  by  4  o. 
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4.  The  distance  a  e  on  the  projected  diagonal  line  above  the  Sheer 
Plan. 

For  convenience  of  illustration  another  body  plan  has  been  drawn  (see 
Body  Plan  2). 

The  half-breadth  on  the  deck  at  J  will  be  so  much  wider  than  the  half- 
breadth  on  the  load  water-line  at  y  as  the  case  seems  to  demand ;  of  course, 
if  the  bow  is  to  flare  out  a  great  deal,  the  difference  will  be  very  consider- 
able ;  but  much  flare  will  produce  an  ugly  shoulder  in  the  immersed  line 
when  the  yacht  is  heeled,  and  should  therefore  be  avoided  in  racing  yachte. 

The  thin  spline  batten  will  now  be  taken  and  bent  round  the  spots, 
taking  4  i/,  4  o,  and  a  6  as  transferred  to  the  body  plan,  and  terminate 
at  a  point  corresponding  with  the  underside  of  the  keel. 

The  deck  half-breadth  E  to  P  should  now  be  set  off  at  its  proper 
station  on  the  half -breadth  plan  (see  4  P),  and  the  deck  line  can  be 
swept  in.  Having  obtained  the  half -breadths  for  the  deck  line  throughout 
its  length,  it  will  be  very  easy  to  draw  other  sections,  and  it  will  be  best  to 
next  fill  in  Nos.  2  and  6. 

The  sections  of  the  after  part  of  the  vessel  can  be  next  filled  in,  and  it 
will  be  well  to  commence  with  No.  11.  There  will  be  six  points  for  this 
section. 

1.  The  height  from  the  load  water-line  to  the  deck,  as  at  K  on  thfr 
sheer  plan. 

2.  The  half. breadth  on  the  deck,  as  at  No.  11  L  on  the  half -breadth. 

3.  The  half-breadth  11  y^  on  the  L.W.L.  of  the  Half  Breadth 
Plan. 

4.  The  half-breadth  11  »  on  the  Half  Breadth  Plan  for  No.  2 
water-line. 

5.  The  depth  of  the  buttock  line — ^from  the  load  water-line  to  a  on  the 
Sheer  Plan. 

6.  The  distance  11  a  it  on  the  projected  diagonal  line. 

Having  put  No.  11  section  into  the  body  plan.  No.  13  and  the  others 
will  follow.  The  water-lines  will  then  be  completed,  and  then  it  will  be 
time  to  try  the  fairness  of  the  drawing  by  further  diagonal  lines.  A 
number  of  diagonal  lines  will  be  drawn  across  the  sections  in  the  Body 
Plan,  and  then  projected  as  a  half -breadth  plan  (see  farther  on). 

It  will  be  convenient  in  practice  to  project  the  diagonals  on  the  sheer 
plan  above  the  load  water-line  or  on  a  half-breadth  plan  above  the  Sheer 
Plan,  as  shown  in  Plate  XII. 

The  diagonals  started  above  the  L.W.L.  will  have  their  fore  termination 
at  the  point  in  the  rabbet  of  the  stem  at  the  height  above  the  load  water- 
line  from  which  it  was  projected.     The  termination  of  the  after  end  will  be 
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thus  found.  In  Fig.  168  let  a  6  be  the  diagonal  in  question ;  from  a  draw 
a  c  parallel  to  L.W.L.,  and  cutting  the  line  of  the  counter  in  e ;  from  c  drop 
the  perpendicular  c  d,  and  d  will  be  the  point  where  the  diagonal  line  will 
have  its  termination  abaft  any  vertical  section  such  as  6  e.  If  the  diagonal  be 
projected  below  the  load  water-line  it  will  have  its  termination  in  the  rabbet 
of  tlie  stem-post  at  the  point  below  the  load  water-line  corresponding  with 
the  point  in  the  body  from  which  it  was  projected.  In  a  similar 
way  the  diagonal  will  have  its  ending  forward  at  a  point  in  the  stem  corre- 
sponding as  to  height  with  the  point  projection  in  the  body  plan. 

A  batten  will  be  placed  over  the  spot  marks  obtained  from  the 
diagonals  on  the  body  plan.  [The  batten  should  taper  towards  the 
end  that  has  to  form  the  after  extremity  of  the  line^  as  the  curve 
here  will  be   more   or   less  full.]      And   if  the  batten  takes  in   all  the- 


FiG.  168. 

spots  without  any  unfair  inflections  or  undulations  the  line  may  be  con- 
sidered fair.  If^  on  the  other  hand^  the  batten  takes  in  some  and  omits 
others^  or,  by  taking  the  whole  in,  undergoes  distortion,  then  the  batten 
shows  that  there  is  some  unfairness  in  the  drawing. 

As  an  additional  test  of  the  fairness  of  the  after  body  another  buttock 
line  should  be  put  in  the  body  plan  between  the  one  at  the  quarter  breadth 
and  the  middle  line.  This  line  will  be  projected  on  the  sheer  plan,  and 
must  be  fair.  With  all  these  lines  faired  the  other  sections  in  the  body 
plan  can  be  drawn  very  rapidly,  and  when  they  are  complete  the  body  plan 
will  require  "  fairing  *'  above  water.  There  will,  as  a  matter  of  certainty,. 
be  some  unfairness  in  the  after  body  above  water,  and  to  detect  it 
see  that  two  diagonals  cross  the  sections  above  water  in  their  sharpest 
curves. 

Supposing  it  is  found  convenient  to  start  a  diagonal  from  a  point  on 
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the  middle  vertical  line  E  E  (Fig.  169)  considerably  above  the  height 
of  the  vessel's  sheer^  as  at  d ;  in  such  a  case^  the  ending  of  the  diagonal 
in  the  counter  will  be  thus  found.  Measure  the  height  e  a  from  the 
L.W.L.  to  the  end  of  counter  or  arch  board  at  the  deck;  square  this 
distance  along  from  ato  b,  next  set  off  the  distance  b  c  on  e  a  as  shown  by 
e  X ;  and  x  is  the  point  where  the  diagonal  will  end  aft  as  projected  on  the 
sheer  plan.  The  distance  d  o  from  the  body  plan  will  then  be  transferred  to 
the  sheer  plan  at  No.  16  station,  and  d  n  at  No.  14  from  L.W.L.  Forward 
for  the  ending  square  is  from  the  top  of  No.  1  section  to  the  middle  line, 
as  from  k  m ;  then  take  the  distance  a  m  and  find  where  it  equals  a  half 
breadth  on  the  deck  line  of  the  half-breadth  plan  ;  the  point  where  found 
will  show  the  distance  the  diagonal  cuts  the  sheer  deck  line  ahead  of 
No.  1  section.  Draw  a  line  at  this  point  on  the  L.W.L.  of  sheer  plan,  and 
set  off  «  m  on  it.     This  will  be  the  ending  of  the  diagonal  forward. 

It  will  be  important,  to  test  the  shape  of  the  fore  body,  to  put  in  an 
immersed  line  such  as  %  Z  (Body  Plan  1,  Plate  XII.) ;  it  need  not,  however, 
be  for  an  inclination  greater  than  20°.  This  immersed  line  must  be 
projected,  and  if  it  shows  a  shoulder  or  fullness  near  the  entrance,  then 
the  shape  of  the  vertical  sections  above  water  must  be  altered  until  they 
give  such  an  immersed  line  as  satisfies  the  judgment  of  the  designer. 

It  is  usual  to  represent  the  vertical  longitudinal  section  of  the  fore 
body  by  ''  bow  lines  "  corresponding  with  the  buttock  lines  of  the  after 
body.  Bow  lines  are,  however,  owing  to  their  crossing  the  sections 
obliquely,  of  very  little  value  for  "  fairing.'^  The  ending  of  "  bow  lines  " 
on  the  deck  line  of  the  sheer  plan  will  be  found  by  squaring  up  from  the 
intersection  of  the  bow  line  with  the  deck  line  of  the  half -breadth  plan. 

Having  *'  faired  ^'  the  drawing  both  above  and  below  water,  calculation 
must  be  resorted  to  to  further  test  the  qualities  of  the  design.  First 
calculate  the  areas  of  the  various  vertical  sections ;  determine  thereby  the 
displacement*  and  the  longitudinal  position  of  the  centre  of  buoyancy. 

The  remaining  calculations  as  set  forth  in  Chapter  XIV.  will  next  be 
made,  and  the  drawing  can  then  be  completed  for  the  mould  loft. 

Lead  Keels. 
The  weight  of  ballast  or  lead  keel  a  yacht  will  carry  of  course  largely 
depends  upon  the  size  and  weight  of  the  timber  used  in  her  construction 

*  If  the  drawing  hai  been  made  without  the  plank,  a  correction  will  hare  to  be  nuide. 
The  moulded  dtisplaoement  to  the  displacement  with  the  plank  on  is  as  the  cnbe  of  the 
moulded  beam  to  the  cube  of  the  beam  with  the  plank  on.  Thus,  say  the  displaoemnit  without 
the  plank  is  12*5  tons,  and  that  the  moulded  beam  is  7*76ft,  the  cube  of  which  is  465 ;  the  beun 
with  the  phink  on  is  7'9ft.,  the  cube  of  which  is  498 ;  then  ^^'"^^^^  «»  1325  tons  » the  dis- 
placement with  the  plank  on.  Or  the  displacement  due  to  the  plank  can  be  found  by  multipljiog 
the  area  of  immersed  surface  by  the  thickness  of  the  plank. 


430 


Yacht  Architecture. 


and  fitting  up.  A  yacht  of  about  14  tons  displacement,  built  up  to  the 
scantlings  given  in  the  tables  farther  on,  would  carry  about  6  tons  of 
ballast,  and,  of  course,  all  this  quantity  could  be  put  either  inside  or 
outside,  or  it  could  be  divided. 

The  shape  and  weight  of  the  lead  keel  having  been  decided  upon,  its 
size  for  that  weight  must  be  ascertained ;  also  its  centre  of  gravity  in  a  fore 
and  aft  position.  Divide  the  keel  into  a  number  of  sections,  as  in  Fig.  170. 
Calculate  the  areas  of  these  sections,  including  the  two  ends  1  and  5.  The 
areas  will  be  summed  and  the  cubical  contents  formed  by  Simpson's  rule 
{see  page  323). 

The  weight  of  the  lead  keel  in  tons  will  be  found  by  dividing  its 
cubical  contents  (as  found  by  Simpson's  rule)  by  3*16.  (There  are  3*16 
cubic  feet  of  lead  to  one  ton.)  The  centre  of  gravity  of  the  keel  will  be 
calculated  from  No.  1  station  (Pig.  170)  by  Simpson's  rule  {see  page  323). 


Section, 


Pig.  170. 


The  centre  of  gravity  of  the  keel  should  come  a  little  ahead  of  the  centre  of 
buoyancy,  that  is,  about  '02ft.  of  the  length  of  the  load  line.  But  this  will 
vary  according  to  the  length  and  weight  of  the  counter,  the  rake  of  stern- 
post,  and  amount  of  dead  wood  aft ;  also  upon  the  overhang  forward  and 
the  position  of  the  mast  and  the  weight  and  length  of  bowsprit.  If  the 
whole  of  the  lead  is  to  be  put  on  the  keel,  these  matters  will  have  to  be 
well  considered. 

In  the  case  of  a  "  fin  bulb  "  keel  the  weight  and  centre  of  gravity 
of  the  bulb  would  be  calculated  by  the  same  process ;  and  the  weight  of 
the  fin  from  the  table  of  weights  of  metal  plates  and  its  centre  of  gravity 
by  the  rules  for  figures  as  described  on  page  326. 

In  making  moulds  for  the  lead  keel  ^in.  per  foot  each  way  will  have  to 
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be  allowed  for  shrinkage.     In  purchasing  the  lead — especially  if  it  is  old 
lead — Icwt.  per  ton  should  be  allowed  for  dross. 

The   Making  op  Models. 

Happily  the  system  of  making  the  model  first,  and  then  taking  the 
lines  from  it,  has  been  banished  from  most  yacht  building  yards,  and 
models  are  now  seldom  used  excepting  for  the  purpose  of  experiment,  or 
as  part  of  the  furniture  of  a  museum. 

The  simplest  plan  to  pursue  in  making  a  model  will  be  to  trace  all  the 
water-lines,  and  then  transfer  such  tracings  to  clean  pieces  of  deal  of  a 
thickness  to  represent  the  distance  the  water  lines  are  apart  on  the  scale. 

The  tracing  will  include  the  whole  breadth,  and  not  the  half -breadth, 
if  the  model  be  for  experiments.  The  form  of  the  proper  water-line  should 
be  traced  on  both  planes  that  come  together — that  is,  the  plane  repre- 
senting the  L.W.L.  should  have  on  its  under  side  the  tracing  of  water-line 
No.  2 ;  and  No.  2  should  have  on  its  top  side  a  tracing  of  its  own  plane, 
and  on  its  under  side  a  tracing  of  No.  3,  and  so  on. 

One  or  two  planes  above  the  load  water-line  will  require  to  be  projected ; 
these  can  be  easily  taken  ofE  from  the  body  plan.  Their  form  aft  in  the 
counter  will  probably  be  a  very  round  curve,  and  a  point  in  the  curve  will  be 
obtained  by  squaring  down  from  the  buttock  line  on  the  sheer  plan  to 
the  buttock  line  on  half -breadth  plan.  Of  course  the  line  representing 
the  plane  must  be  drawn  in  the  sheer  plan  above  and  parallel  to  the  load 
water-line.  The  ending  of  the  plane  aft  will  be  found  by  squaring  down 
from  the  counter  at  its  intersection  with  the  line  that  is  to  be  projected. 

When  the  lines  have  been  traced  on  the  surfaces  of  the  wood  the 
ed^es  can  be  trimmed  off  to  near  the  tracing  lines.  The  pieces  will  be 
then  screwed  together,  and  the  model,  by  aid  of  the  spokeshave,  Ac, 
cleaned  off.  The  model  can  very  easily  be  afterwards  hollowed  by 
unscrewing  its  parts,  and  sawing  out  as  much  of  the  middle  part  as  may 
seem  necessary. 

A  model  can  be  made  without  reference  to  lines  by  screwing  thick- 
nesses of  wood  together  to  represent  a  block,  and  then  shaping  the  latter 
into  the  form  of  a  vessel ;  the  lines  can  afterwards  be  easily  traced  with  a 
pencil,  by  unscrewing  the  parts,  and  laying  them  on  the  drawing  paper. 


CHAPTER  XVI. 
LAYING  OFF  AND  TAKING  OFF. 
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Latino  off  a  vessel  on  the  floor  of  the  mould  loft  is  simply  the  process 
of  transferring  and  enlarging  to  full  size  the  drawing  made  on  paper. 
There  are  many  good  treatises  on  this  subject^  and  one  by  Mr.  Thearle  can 
be  specially  recommended  to  those  who  desire  to  become  acquainted  with 
all  the  details  of  laying  off. 

The  instruments  required  for  laying  off  will  comprise  measuring  rod 
and  rule;  two  squares^  a  bevel;  a  chalk  line;  compasses;  a  straight  edge; 
and  fir  and  American  elm  battens. 

The  fir  battens  should  be  l}in.  by  lin.^  and  from  40  to  60  feet  in 
lengthy  according  to  the  length  of  the  vessel.  These  wiU  be  used  for  the 
sheer  line^  the  water  lines^  and  the  diagonal  lines.  The  American  elm 
battens  will  be  ^  inch  by  |^  tapering  at  one  end^  and  from  10  to  20  feet  in 
length.  These  will  be  required  for  the  body  plan,  rudder,  forefoot,  Ac. 
The  chalk  line  will  be  required  for  making  straight  lines  of  great  length, 
such  as  the  load  water-line  in  the  sheer  plan. 

If  American  elm  battens  cannot  be  had,  some  made  of  pitch  pine,  or 
any  red  pine,  will  do  almost  equally  well.  The  battens  are  held  in  position 
by  finely-pointed  iron  pins,  about  4in.  long ;  or  nails  will  of  course  do. 
The  pins  or  nails  are  not  put  through  the  batten,  but  one  is  placed  on 
either  side  so  as  to  hold  the  batten  at  the  ''  spots.'' 

In  the  first  place,  the  sheer  plan  must  be  delineated  on  the  floor, 
showing  the  deck  or  sheer  line,  and  the  outer  edge  of  the  stem  and  stem 
post,  and  lower  edge  of  the  keel.  Distances  will  be  set  off  on  the  load 
water-line,  to  correspond  with  the  stations  for  the  vertical  frames.  Then, 
at  a  convenient  distance  below  the  load  water-line,  a  line  will  be  drawn  to 
represent  the  base  line  of  the  half  breadth  plan.  Stations  for  the  cross 
sections  will  also  be  set  off  on  this  line,  and  from  these  stations  draw  lines 
to  meet  the  similar  stations  on  the  load  water-line  of  the  sheer  plan ;  these 
lines  can  be  made  with  the  chalk  line. 
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It  will  be  assamed  that  the  sections  in  the  body  plan  have  been 
drawn  without  the  plank.*  Then  across  the  plan  draw  a  number  of 
diagonal  lines,  as  shown  in  Plate  XII.  and  Fig.  173.  When  there  is  a  sharp 
<5urve  to  the  bilge,  and  when  the  character  of  this  curve  is  apparent  above 
water  in  the  counter,  great  care  must  be  taken  to  get  a  diagonal 
as  nearly  as  possible  through  the  middle  part  of  the  curve,  as  shown 
in  each  section,  for  the  purposes  of  fairing.  Having  drawn  the  diagonals 
on  the  body  plan  at  suitable  intervals,  the  projections  of  these  lines 
will  be  put  on  the  half  breadth  plan  or  sheer  plan,  as  may  be  most 
<5onvenient. 

First,  however,  project  on  the  half  breadth  plan  the  deck  line  less  the 
.plank^  and  the  load  water-line  less  the  plank.t 

The  diagonal  distances  from  the  middle  line  of  the  body  plan  to  each 
frame  will  be  measured,  and  set  off  on  their  proper  stations  on  the  half 
breadth  plan ;  a  curve  will  be  swept  in  through  the  points  thus  obtained, 
and  this  curve  is  termed  the  "  rebatement "  of  the  diagonal,  or  its  real 
shape.  The  ending  of  the  diagonal  line  in  the  rabbet  will  be  found  by  a 
process  similar  to  that  used  for  the  ending  of  the  water-lines.  The  batten 
will  be  kept  in  position  by  iron  pins  or  nails  on  either  side  of  the  spots, 
and  when  the  line  is  ''  faired  "  it  will  be  drawn  to  the  batten  by  a  thin 
piece  of  chalk.  No  battens,  whether  those  of  lance- 
wood,  elm,  or  fir,  should  be  kept  pinned  round 
curves  longer  than  is  necessary. 

*  In  cues  where  the  seotions  in  the  body  plan  have  been  drawn 
to  the  outside  of  plonk,  the  thickness  of  the  plank  shonid  betaken  off 
before  the  drawing  is  passed  into  the  mould  loft.  A  conyenient 
method  of  removing  the  plank  will  be  by  drawing  a  number  of 
semi-oiToles,  or  arcs,  snoh  as  a  5  c  in  the  annexed  out,  Fig.  171 ;  for 
radios  open  the  compasses  equal  to  the  thickness  of  the  plank ; 
place  one  point  on  the  section  A  B  and  describe  the  arc ;  then 
take  the  batten  or  mould  and  draw  a  line  touching  the  back  of 
each  arc  as  shown  by  the  inner  line  o  h.  The  point  o  will  be  the 
middle  of  the  rabbet  in  the  keel.  Some  builders  allow  for  the 
thickness  of  the  plank  as  they  lay  off  from  the  diagonals,  or  put 
a  line  in  the  drawing  next  to  the  middle  yertical  line  of  the  body 
plan,  equal  to  the  thickness  of  the  plank,  and  measure  from  that^ 
The  plank  can  be  put  on  a  vessel  by  an  analogous  process. 

t  To  find  the  ending  of  the  load  water-line  draw  a  horizontal  section  of  the  half  siding  of 
the  stem  as  a  b  c,  Fig.  172 ;  from  c  inwards  set  off  the  thickness  of  the  plank;  the  point  d,  the 
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middle  of  the  rabbet,  will  be  the  ending  of  the  water-line ;  s  will  be  the  bearding  line  of 
the  rabbet ;  d  the  middle  line,  and  c  the  outer  edge  of  the  rabbet — ^the  one  usually  shown  on 
the  sheer  plun. 
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When  the  whole  of  the  diagonals  have  been  drawn  on  the  half 
breadth  plan,  the  vertical  sections  will  be  constructed  by  transferring  the 
half  breadths  to  their  proper  diagonals  on  the  body  plan.  For  this 
purpose  a  plan  must  be  drawn  on  the  floor  agreeing  in  every  respect  with 
the  drawing  on  paper.  When  the  body  plan  is  complete  the  moulds  for 
the  frames  can  be  made.  The  diagonals  must  be  marked  on  the  moulds  as 
well  as  the  L.W.L. 

It  is  usual  in  large  vessels  that  are  very  full  at  the  bow  and  stern  to 
''  cant "  the  frames  in  the  fore  and  after  body^  so  as  to  keep  them  as  nearly 
as  possible  square  to  the  horizontal  lines.  Canting  the  frames  is  now^ 
however^  not  always  practised  in  framing  a  sharp  vessel  like  a  yacht ;  but 
the  bevellings  must  be  carefully  observed. 

If  the  floor  is  not  large  enough  to  admit  of  the  drawing  being  laid  off 
in  one  piece^  the  sheer  and  half  breadth  plans  will  be  divided  as  required. 
In  such  cases  two  at  least  of  the  same  sections  must  appear  in  each  part  or 
division  ;  otherwise  there  will  be  a  want  of  continuity  or  fairness  in  the  lines. 

Before  describing  a  method  of  obtaining  the  bevels  for  the  frames  of  a 
yacht^  which^  as  before  said^  are  now  seldom  canted^  it  will  be  understood 
why  the  bevels  are  required.  On  Plate  XII.  refer  to  the  Half -breadth  Plan, 
on  which  the  diagonal  is  projected.  At  B  is  shown  the  section  of  one  part 
of  a  frame,  and  it  will  be  seen  that  the  frame  is  not  ''square,'^  but 
bevelled  to  suit  the  angle  of  the  diagonal.  To  obtain  these  bevels  the 
following  method  is  in  use  by  most  yacht  builders  :  On  the  body  plan  on 
the  floor  of  the  mould  loft  draw  in  the  diagonals  Fr.  Hd.  (Floor  Head), 
Pig.  173,  Ist  Hd.,  2nd  Hd.,  Ac.  (T  B  is  top  breadth).  These  will  represent 
the  parts  of  the  frames.  Then  draw  in  the  intermediate  diagonals,  F.  Sk. 
(Floor  Sirmark),  1st  Sk.,  &c.  We  will  select  the  3rd  Head  as  an  illustration. 
Take  a  thin  piece  of  board,  or  strip  of  drawing  paper,  and  lay  it  along  the 
diagonal  (see  Fig.  173),  then  mark  on  it  the  distance  on  the  diagonal  from 
the  mid-section  ^  to  the  next  section  B.* 

Then  shift  the  paper  until  the  mid-section  mark  comes  on  B  section; 
then  mark  the  distance  D  section  is  from  B.  Then  shift  the  paper  till  the 
mid-section  mark  comes  on  D  section  ;  then  mark  the  distance  F  is  from  D, 
and  so  on  all  the  way  up  the  diagonal,  but  always  measuring  the  distance 
at  right  angles,  as  shown  at  the  3rd  Head  by  the  arrow  heads. 

Next  prepare  a  bench  or  table,  the  top  of  which  is  shown  by  A  A, 
Fig.  1 74.  On  the  edge  of  the  bench  screw  a  piece  of  board  B  B  of  the 
thickness  of  the  bevel  board.     Draw  the  line  G  D  at  right  angles  to  B  B. 

*  B.  It  should  be  noted  that  in  the  mould  loft  the  seotions  in  the  fore  body  are  alwajs 
lettered  A,  B,  C,  D,  &o.,  and  numbered  in  the  after  body;  A  and  No.  1  oome  next  the 
mid-aeotion.     In  the  eiample  before  as  every  other  seotion  is  omitted. 
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E  is  a  bradawl  or  nail  in  the  table  to  rest  a  straight  edge  against. 
The  distance  of  B  from  the  inner  edge  of  the  board  B  B  will  be  the  distance 
the  sections  are  apart  in  a  fore  and  aft  direction,  and  it  must  be  noted  that 
in  the  mould  loft  no  sections  are  omitted  from  the  body  plan. 

Take  the  strip  of  paper  and  transfer  the  marks  thereon  to  the  inner 
edge  of  the  board  B  B  as  shown  at  x.  Then  fix  the  bevel  board  F  F  close 
to  B  B.  Take  the  straight  edge  and  press  one  edge  against  the  nail  at  E, 
and  the  other  on  the  mid-section  mark,  and  draw  a  line  across  the  bevel 
board.  Then  shift  the  straight  edge  to  the  B  mark,  and  so  on,  until 
all  the  bevels  have  been  marked  as  shown  on  Fig.  175. 

The  board  is  now  placed  in  the  hands  of  the  top  sawyer  who  it  will  be 
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assumed  has  by  aid  of  the  mould  marked  out  the  frame  on  a  suitable  piece 
of  timber.     See  H  H,  Fig.  175. 

The  underside  of  the  timber  will  now  have  to  be  marked  to  guide  the 
bottom  sawyer,  and  it  will  differ  from  the  outline  of  the  frame  marked  on 
the  top  according  to  the  bevels. 

Take  the  bevel  and  get  the  proper  angle  from  the  bevel  board.  Then 
put  it  on  the  timber,  at  its  proper  diagonal,  as  shown  on  K  and  on  H. 
With  a  rule  or  piece  of  wood  measure  the  distance  a  to  o  on  the  edge  of 
the  mould  H ;  then  transfer  the  distance  to  s  g,  and  g  will  be  a  mark  for 
drawing  in  the  curve  of  the  frame  on  the  underside  of  the  timber.  Other 
marks  in  the  curve  will  be  similarly  obtain ed.  Occasionally  the  bevels  are 
not  sawn,  but  set  off  and  adzed  away  after  the  timber  has  been  cut  out  in 
square  form. 
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Taking  Off. 

If  a  vessel  could  be  put  ashore  just  as  she  floats,  that  is,  in  such  a  way 
that  her  load  water-line  would  remain  in  the  plane  of  the  horizon,  the  work 
of  taking  «  ff  would  be  very  simple.  A  square,  having  both  sides  marked 
in  feet  and  inches,  would  be  placed  at  the  stations  where  it  was  required 
to  measure  the  sections  (see  Body  Plan,  Plate  XIII.).  The  distances  from 
the  perpendicular,  or  upright  arms  of  the  square,  to  the  vesseFs  side 
would  then  be  measured  in  a  horizontal  direction ;  and  the  distances  from 
the  honzo}ital  of  the  square  to  the  bottom  of  the  vessel  would  be  measured 
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in  a  vertical  direction.  If,  then,  a  representation  of  the  square,  made  to 
some  scale,  be  drawn  on  paper,  and  the  measured  distances  properly  set  off, 
points  would  be  obtained  for  making  the  curves  of  the  various  sections. 

However,  as  there  are  so  few  conveniences  for  docking  a  vessel,  it  is 
not  often  that  one  can  be  placed  in  the  position  we  have  described.  A 
vessel  when  laid  ashore  or  hauled  up  on  a  slip  is  usually  considerably 
down  by  the  stern  or  head,  and  to  "  take  off''  a  vessel  so  placed  from 
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squares  erected  so  that  the  load  water-line  should  still  be  the  base  of 
the  operations  would  be  a  work  of  great  tedium  and  difficulty.  To  avoid 
this  difficulty  the  load  water-line  is  disregarded  so  far  as  it  being  used  as  a 
base  line  is  concerned,  and  a  perfectly  horizontal  base  line  is  used  instead. 
This  base  line  is  placed  at  the  keel,  and  can  be  set  off  by  the  aid  of  a  spirit 
level  and  chalk  line  or  straight  edge.  If  a  vessel  is  so  much  down  by 
the  stem  or  head  that  a  horizontal  base  line  cannot  be  obtained  to  run 
the  whole  length  of  the  vessel  (see  Base  Line,  No.  1,  Plate  XIII.),  it  must  be 
divided  into  two  or  more  parts.  In  the  example  here  given  of  taking  off 
the  Cygnet,  a  second  base  line  (see  Base  Line,  No.  2,  Plate  XIII.)  only  was 
required,  and  unless  the  vessel  be  very  much  indeed  by  the  stem  or  head, 
or  shows  very  little  depth  of  keel,  two  base  lines  will  generally  run  the 
whole  length  of  the  vessel.  The  base  line  should  be  snapped  across  the 
rudder  and  terminate  at  the  fore  foot,  as  shown  in  the  example. 

Having  obtained  the  base  line,  the  length  of  the  vessel  on  deck  will 
be  measured  from  the  fore  side  of  the  stem  on  deck  to  the  half  side  of  the 
stem-post.  This  length  must  not  be  measured  close  to  the  deck,  or  there 
will  be  an  error,  owing  to  the  deck  at  the  bow  being  so  much  higher 
out  of  the  water  than  at  stem.  This  error  can  be  avoided  by  keeping 
the  tape  or  rod  as  nearly  as  possible  on  a  line  parallel  with  the  load  line, 
and  finally  squaring  down  to  the  back  of  the  stern-post  for  the  length. 
In  the  case  of  the  Cygnet,  however,  the  error  was  very  small,  and  was  thus 
found  :  The  length  measured  along  the  deck  was  54ft.  lOin.  =  54"83ft., 
which,  multiplied  by  the  cosine  (0*99869)  of  the  angle  made  by  the  <ifck 
with  the  load  water-line,  gives  54*  75ft.  Thus  the  error  in  length  would 
be  only  1  inch.  The  cosine  will  be  most  readily  found  thus :  Divide  the 
length  on  deck  by  the  difference  in  the  height  of  the  deck  at  stem  and 
stem  measured  from  the  load  water-line.  In  the  case  of  the  Cygnet  the 
difference  is  2ft.  9iD.,  then  ^g*  =  -05,  the  sine  of  2°  56',  found  from  a 
table  of  sines.  The  angle  being  thus  known,  it  is  easy  to  find  the  cosine 
from  a  table.  In  practice,  unless  the  vessel  has  a  very  tremendous  sheer 
forward,  or  is  very  long^  the  length  measured  on  deck,  as  nearly  as  possible 
in  a  direction  parallel  to  the  load  water-line,  and  squared  down  to  the 
back  of  the  stern-post,  will  be  sufficiently  accurate. 

The  length  of  the  vessel  having  been  determined,  her  various  half 
breadths  must  be  measured  on  deck  square,  that  is,  at  right  angles  to 
the  middle  longitudinal  line  of  the  vessel.  These  half  breadths  can  be 
measured  at  equidistant  intervals,  but  this  is  not  necessary.  For  instance, 
in  the  example  now  before  us  the  half  breadths  were  taken  at  irregular 
intervals  (see  Sheer  Plan,  Plate  XIII.).  Thus  No.  1  is  5ft.  llin.  from  the 
fore  side  of  the  stem  on  deck ;   No.  2  is  5ft.  lOin.  from  No.  1 ;   No.  3  is 
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5ft.  9in.  from  No.  2 ;  No.  4  is  6ft.  9in.  from  No.  3 ;  No.  5  is  6ft.  Sin.  from 
No.  4;  No.  6  is  7ft.  Sin.  from  No.  5;  No.  7  is  6ft.  from  No.  6;  No.  S  is 
6ft.  from  No.  7  ;  and  No.  9  is  4ft.  from  No.  S,  and  comes  at  the  back  of  the 
stern-post.  These  distances  added  together  will  be  found  eqaal  to  the 
length  on  deck. 

It  is  always  best  to  measure  the  wlioU  breadth  on  deck^  and  halve  it 
when  the  drawing  is  being  made. 

It  may  be  convenient  (if  the  middle  fore  and  aft  line  of  the  vessel 
cannot  be  very  easily  determined  on  deck)  to  take  the  breadths  across  the 
vessel  from  stanchion  to  stanchion,  or  across  one  of  the  ends  of  a  skylight; 
this  will  insure  that  the  breadths  are  taken  sfiuaxe  to  the  middle  line  of 
the  vessel.  [The  longitudinal  distances  between  the  breadths  should  be 
measured  as  nearly  as  possible  parallel  to  the  load  water-line.] 

As  the  breadths  are  measured  on  deck  mark  on  the  outside  of  the 
vessel  on  the  covering  board  the  excud  point  where  each  breadth  was  taken. 
This  will  indicate  the  stations  for  measuring  the  shapes  of  the  sections. 

Next  drop  a  plumb  from  the  fore  side  of  the  stem  on  deck  to  cut  the 
base  line  (which  can  be  extended  beyond  the  fore  foot  by  a  straight  edge) 
at  A  (see  Sheer  Plan,  Plate  XIII.).  From  this  plumb  line  set  off,  along  the 
base  lines,  the  interval  between  each  breadth  as  measured  on  deck.  This 
will  be  done  by  plumbing  down  from  the  deck  or  covering  board  and 
squaring  into  the  keel.  If  the  vessel  is  nearly  as  she  floats  in  the  water, 
the  distances  can  be  set  off  oq  the  base  line  by  a  rule  or  measuring  rod, 
Starting  from  the  plumb  A.  These  stations  on  the  base  lines  will  corre- 
spond with  the  stations  for  breadths  previously  set  off  on  the  covering  board. 

The  load  water-line  will  now  be  taken.  Ascertain  where  the  load 
water-line  is  marked  on  the  stem  at  z,  and  plumb  down  to  No.  2  base  line 
by  the  plumb  at  G.  Measure  the  length  of  the  plumb  line  from  the  base 
line  to  0  or  L.W.L.  :  this  wiU  determine  the  height  of  the  L.W.L.  above 
No.  2  base  line.  The  height  of  the  L.W.L.  above  No.  1  base  line  at  the 
stem-post  will  be  found  in  a  similar  way  by  the  plumb  line  at  D  x,  and 
measure  the  distance  a,  a',  and  a^  x. 

For  rake  of  stero-post  measure  along  No.  1  base  line  the  distance 
from  No.  S  station  at  a  to  where  the  base  line  cuts  the  stern-post  at  b.  As 
it  is  known  where  the  stern-post  shows  on  deck  abaft  No.  S  station,  its 
rake  can  easily  be  determined. 

The  shape  of  the  rudder  will  be  found  by  taking  a  series  of  breadths 
in  any  way  that  may  seem  most  convenient. 

The  rounding  up  of  the  fore  foot  will  be  found  by  measuring  (at 
certain  intervals)  the  horizontal  distances  from  the  plumb  line  A  to  the 
stem.     Care  must  be  taken  that  these  measurements  are  taken  at  right 
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angles  to  the  plumb  line  A ;  and  the  distance  from  the  plumb  line  A  to  the 
point  where  the  load  water-line  cuts  the  stem  at  z  must  be  accurately 
measured. 

The  depths  below  the  base  lines  to  the  under  side  of  the  keel  have  to 
be  measured  at  each  station ;  then  when  the  heights  above  the  base  Unas 
to  the  covering  board  at  each  station  are  known,  all  necessary  measure- 
ments for  the  sheer  plan  have  been  taken.  The  height  will  be  taken  in 
the  course  of  taking  off  the  sections. 

To  take  off  the  sections  a  square  marked  in  feet  and  inches  mast  be 
put  up  with  its  lower  limb  at  right  angles  to  the  keel  at  each  station  marked 
on  the  base  lines,  and  will  appear  as  shown  (Body  Plan,  Plate  XIIL). 
Next  a  plumb  line  (E)  is  dropped  over  from  the  deck  at  one  of  the  stations. 
The  point  where  this  plumb  line  cuts  the  horizontal  Umb  of  the  square  at  c 
must  be  accurately  observed  and  the  distance  measured  from  the  keel  of 
the  vessel  at/to  c. 

This  plumb  line  (E)  will  also  "  prove  "  the  upright  arm  of  the  sqnare. 
The  horizontal  distances  d  d  d  d  d  will  be  measured  from  the  plumb  line  to 
the  side  of  the  vessel :  care  mast  be  taken  that  these  distances  are  taken 
at  right  angles  to  the  keel.  This  can  be  ensured  by  plumbing  to  the  lower 
limb  of  the  square.  Any  tumble  home  must  be  measured  if  the  plumb  line 
touches  the  side  of  the  vessel  and  not  the  deck  edge.  Before  removing  the 
plumb  line  E  measure  the  height  from  the  base  line  to  the  deck  at  each 
station* 

Next  take  the  plumb  line  and  at  certain  intervals  plumb  from  the 
vessel's  skin  to  the  lower  or  horizontal  limb  of  the  square.  See  ee  eee 
(Body  Plan,  Plate  XIII.)  and  measure  the  length  of  the  plumb  line  very 
carefully  in  each  case.  The  intervals  e  e,  &o.,  need  not  be  equal ;  but  the 
exact  interval  must  be  accurately  measured. 

Having  measured  the  various  sections  at  the  stations,  nothing  remains 
to  be  done  but  to  measare  the  height  of  the  bulwarks;  the  length  of 
counter  abaft  the  stem-post ;  and  the  height  of  the  arch  board  of  counter 
above  No.  1  load  line.  This  latter  measurement  mil  be  taken  by  a  plumb 
line  as  shown  on  the  sheer  drawing  at  F.  The  height  of  the  deck  above 
the  base  line  at  the  stern  post  will  be  found  by  the  plumb  line  at  B. 

It  will  be  found  convenient,  and  will  save  labour,  if,  instead  of  an 
ordinary  line  for  the  plumb,  a  piece  of  measuring  tape,  twelve  or  fifteen 
feet  in  length,  be  used.  All  the  distances  plumbed  can  then  be  accurately 
read  off  at  once  without  having  recourse  to  a  rod  or  rule. 

To  put  the  measurements  on  paper  in  the  form  of  a  drawing  [the 
following  process  will  be  observed : 

The  Sheer  Plan  will  be  first  drawn:    Draw  lines  to  represent  the 
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base  lines  No.  1  and  No.  2.  On  these  lines  set  off  the  stations^  1,  2,  S,  4, 
5,  6,  7,  8,  9,  and  the  length  taken  on  deck.  The  load  water-line  will  next 
be  put  in ;  on  the  base  line  set  off  the  distance  from  a  to  a*,  and  from 
fe  to  a^ ;  next  erect  the  perpendicular  a*,  x ;  through  x  produce  x  b,  this 
will  be  the  stern  post,  and  x  will  be  the  point  where  the  stem  post  is  cut 
by  the  load  water-line.  At  the  fore  end  the  length  of  the  plujnb  line  C 
will  be  set  up  from  the  base  line  to  z ;  then  the  load  water-line  will  be 
drawn  through  a;  to  2;.  The  various  heights  above  the  base  lines  as  taken 
for  each  section  by  the  plumb  line  E  (see  Body  Plan)  will  be  set  up  from 
the  stations  I,  2,  3,  4,  5,  6,  7,  8,  9 ;  the  sheer  or  deck  line  can  then  be 
swept  in.  Next,  the  depths  below  the  base  line  will  be  set  off,  and  the  line 
of  the  keel  drawn.  The  manner  of  completing  the  other  parts  of  the  sheer 
plan  requires  no  explanation. 

For  the  body  plan  draw  lines  to  represent  the  ''square'^  and  the 
points  on  it  where  the  measurements  were  taken.  Set  off  from  g  on  the 
lower  or  horizontal  limb  of  tbe  square,  the  exact  half  breadth  of  the  deck 
measured  from  the  middle  line  H  H.  To  this  half  breadth  add  the  amount 
of  tumble  home,  if  any ;  this  will  give  the  point  c  on  the  square.  Prom  c 
towards  g  set  off  the  distance  c/,  sudfg  will  of  course  be  the  half  thick- 
ness of  the  keel,  /  being  the  point  in  the  keel  against  which  the  end  of 
the  sqaare  rests. 

The  intervals  e,  e,  6,  e,  d,  d,  d,  d,  will  then  be  set  off;  and  lines 
drawn  from  such  points  at  right  angles  to  the  sides  of  the  square.  On 
these  lines  set  off  the  distances  measured  with  the  plumb  and  rule. 
Nothing  remains  but  to  sweep  in  the  shape  of  the  section. 

The  whole  of  the  vertical  section  being  completed  the  water  lines  will 
next  be  drawn.  On  the  sheer  plan  at  such  intervals  as  may  be  decided 
upon,  draw  the  water  lines  W.  L.  2;  W.  L.  8;  W.  L.  4;  W.  L.  5. 

Take  the  compasses,  and  on  the  sheer  plan  at  No.  1  station,  base  line 
No.  2,  measure  the  distance  from  hto  i;  on  the  body  plan,  base  line  No.  2, 
set  off  this  distance  from  h  to  i,  square  to  the  base  line.  Next  proceed 
with  No.  2  section  measuring  from  j  to  k,  and  setting  off  the  distance  on 
the  body  plan  from  j  to  k.  For  No.  8  section  the  distance  I  m  will  be 
taken  from  the  sheer  plan  and  set  off  on  the  body  plan ;  for  No.  4  section 
the  distance  c  0,  measured  from  ba^se  Une  No.  1. 

Through  the  points  i  k  m  0  m  the  body  plan  draw  the  curved  line 
L.W.L. ;  this  will  be  the  water-line  of  the  fore  body.  The  other  water 
lines  will  be  obtained  in  a  similar  manner. 

The  base  line  of  the  half  breadth  plan  (I  J)  is  drawn  jpa/rallel  to  the 
base  lines  on  the  sheer  plan,  and  the  lines  (1,  2, 3, 4, 5,  6, 7, 8)  representing 
the  sections  are  drawn  at  right  angles  to  these  base  lines* 
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From  the  body  plan,  at  right  angles  to  HH,  take  off  the  half-breadths 
p  i,  p  Jc,  p  m,  p  o,  and  set  them  oflE  on  the  half -breadth  plan  3,tpi,p  Jc,pm, 
and  p  0,  and  so  on  for  the  after  body.  The  half -breadths  taken  helov)  the 
load  water-line,  as  at  p  q,  will  represent  the  lower  water-lines  on  the  half- 
breadth  plan.     Thns  all  the  wat^r-lines  can  be  swept  in. 

When  the  water-lines  and  deck-line  are  completed  in  the  half -breadth 
plan,  a  new  body  plan  can  be  made  with  the  L.W.L.  as  the  base  line. 
First  determine  the  distances  the  new  sections  shall  be  apart  on  the  load 
water-line  (L.W.L.)  of  the  sheer  plan  at  K,  L,  M,  Jj3^,  N,  0,  P,  Q.  At 
these  stations  draw  lines  at  right  angles  to  the  L.W.L.,  as  shown  by  the 
ticked  lines. 

Next,  on  the  base  line  of  the  half -breadth  plan,  set  off  the  correspond- 
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ing  stations  at  K,  L,  M,  Jj^*  ^y  0>  P>  Q ;  fr<>°i  these  points  draw 
ordinates  at  right  angles  to  the  load  water-line  as  represented  on  the  sheer 
plan.  Then  the  half-breadths  for  the  new  body  plan  will  be  thns  found. 
At  Jl^  (or  any  other  station)  measnre  the  half -breadths  from  ^BC  *^  ^>  *>  ^j  **^ 
and  Vj  square,  or  at  right  angles  to  the  base  line  I  J ;  these  distances  will 
be  the  half -breadths  for  the  new  body  plan  which,  when  complete,  will 
appear  as  that  of  the  Kriemhilda,  depicted  in  Plate  I. 

Mr.  Cecil  A.  Allen,  of  Bangor,  co.  Down,  in  1891  proposed  that  it 
wonld  be  simpler  to  take  oS  the  lines  of  a  yacht  in  sections  by  aid  of  a 
pantograph  instead  of  by  the  usual  shipbuilders'  method.  The  pantograph 
was  made  for  taking  off  the  sections  of  a  26ft.  yacht  as  follows :  Arms,  3ft., 
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and  arranged  to  reduce  to  a  scale  of  Sin.  to  the  foot.  The  joints  at  A 
(Fig,  176)  were  made  with  Jin,  iron  bolts;  a  short  metal  tube  forms  the 
joint  at  B,  and  makes  a  convenient  holder  for  the  pencil,  the  latter  being 
free  to  slide  in  the  tube,  and  kept  to  the  paper  by  means  of  a  light  rubber 
band.  A  base  line  must  be  struck  on  the  keel  of  the  boat  parallel  to  the 
water  line,  and  on  this  the  sections  must  be  spaced  ofE  every  2ft.  or 
more,  as  may  be  convenient,  from  the  bow.  The  same  on  a  line 
stretched  from  stem  to  stem  on  deck ;  these  points  are  then  squared 
on  to  the  rail,  care  being  taken  to  have  the  marks  on  the  rail  and  base 
line  square  above  each  other ;  the  ^section  lines  were  then  chalked  down 
the  skin  of  the  boat. 

A  drawing  board,  with  pantograph  attached,  is  placed  in  a  vertical 
position  at  right  angles  to  the  fore  and  aft  centre  line,  and  opposite  the 
section  to  be  traced,  at  such  a  distance  that  the  arm  C  could  reach  all 
parts  of  the  section.  The  point  of  C  is  then  traced  down  the  chalk  line, 
and  a  reduced  copy  of  the  section  is  obtained  on  the  paper  at  B;  aU  the 
important  points,  such  as  base  line,  top  and  bottom  of  keel  and  gunwale, 
being  marked  with  a  dot,  which  was  done  by  pressing  the  top  of  the 
pencil  when  the  arm  C  was  opposite  any  of  these  marks.  The  half  breadth 
at  rail  and  of  keel  at  base  line  are  then  measured  and  noted  on  the 
section ;  the  remainder  of  the  sections  are  done  in  a  like  manner. 

The  curve  of  the  stem  bow  and  the  ornamental  design  on  the  head 
rail  can  be  taken,  also  the  outline  of  the  rudder,  this  being  done  by  placing 
the  pantograph  in  a  fore  and  aft  line  with  the  boat. 

In  making  out  the  drawing  of  the  boat,  a  sheet  of  tracing  paper 
should  be  pinned  on  the  board,  and  marked  with  a  vertical  centre  and 
horizontal  base  line,  the  sections  obtained  by  pantograph  being  slipped 
under  and  traced  when  the  centre  and  base  line  of  the  sections  are 
right  with  those  on  the  tracing  paper;  the  sheer  heights  are  then 
taken  from  the  base  line,  and  sheer  plan,  &c.,  made  out  in  the  usual 
way. 

By  this  method  the  lines  can  be  taken  off  equally  as  well  when  the 
boat  is  lying  on  her  bilge  as  when  she  is  upright. 

Taking  off  Lines  fbom  a  Block  Model. 

Measure  half-breadths  on  deck  at  certain  stations,  and  the  perpen- 
dicular heights  from  the  load  line  to  the  deck.  Set  off  these  distances 
on  paper.  Then  take  a  strip  of  lead  of  a  convenient  length,  and  in  size 
about  ^in.  by  ^in.,  and  fit  it  to  the  model  at  each  station.  Mark  the  load 
water-line  on  the  strip,  and  the  deck-line;  then  carefully  lift  the  strip 
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from  the  model,  and  place  it  on  the  paper  so  that  the  marks  on  it  cut  the 
load  water-line  aiid  the  half-breadth  line  of  the  deck  at  its  proper  point. 
The  tracing  of  the  section  will  be  completed  by  running  a  pencil  round  the 
curve  formed  by  the  strip. 

An  ingenious  instrument  (the  pantograph)  is  manufactured  by  Mr. 
Stanley,  Great  Turnstile,  London,  for  taking  off  lines  of  models;  and 
Mr.  G.  L.  Watson,  the  well  known  naval  architect,  has  invented  an 
instrument  of  a  similar  character  for  taking  ofE  the  lines  of  a  model. 


CHAPTER    XVII. 
BUILDING. 


The  keel  and  floor  construction  of  a  yacht  will  be  first  described,  as  the 
operation  of  building  commences  therewith. 

Fig.  177  illustrates  the  old-fashioned  orthodox  structure  of  a  vessel's 
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floor :  a  is  a  grown  floor,  sometimes  jogged  over  the  keel  as  shown,  and 
sometimes  not,  to  the  main  keel  i.  The  keelson  is  shown  by  8  and 
garboard  by  gr,  bolted  through  the  keel.  The  keelson,  floor  and  keel 
are  bound  together  by  through  bolts,  as  shown  by  6;  but  we  have 
come  across  vessels  in  which  the  keelson  has  only  been  secured  to  the 
floors  by  diagonally  driven  bolts  or  spikes.  The  strength  of  these  wood 
floors  is  mainly  dependent  upon  the  grain  in  the  throat  having  a  natural 
bend  into  the  arms  of  the  floors.  If  the  grain  in  the  throat  is  vertical,  the 
chances  are  that  the  through  keel  bolt  would  split  the  floor;  or  if  the 
grain  runs  across  the  arm,  as  shown  at  a,  there  will  be  little  strength ;  but 
it  is  very  rarely  that  a  floor  which  has  not  a  naturally  grown  crook  is 
found  in  a  yacht. 

Messrs.  Camper  and  Nicholson  introduced  cast-iron  floors  of  the  form 
shown  by  a  (Fig.  177),  upon  the  heads  of  which  the  heels  of  the  timbers 


446 


Yacht  Architecture. 


above  are  dowelled^  and  the  heels  of  tlie  sister  timbers  are  brought  down  to^ 
and  rest  on,  the  top  of  the  keel ;  Mr.  John  Harvey  elaborated  this  plan  by 
lead  floors  cast  with  angle  iron  in  the  inside.  Either  of  these  plans 
were  excellent,  both  for  strength  or  bringing  about  a  low  situation  of 
the  centre  of  gravity,  but  the  practice  of  putting  the  whole  of  the  ballast 
outside  has  rendered  this  plan  of  floor  construction  obsolete. 

An  approved  way  of  constructing  the  floor  and  keel  of  a  wood  yacht 
was  introduced  in  the  year  1858,  and  has  since  been  largely  used. 
Pig.   178  is  an  illustration  of  this    plan,  and   was    carried  out  in  many 
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yachts.  It  will  be  seen  that  the  grown  floors  are  dispensed  with, 
and  that  the  heels  of  the  timbers  a  a  are  rabbetted  into  the  keel  d 
and  keelson  c,  the  latter  being  also  termed  a  "  hogging  *'  piece.  The 
heels  of  the  timbers  are  bolted  through  keel  and  hogging  piece. 
The  frames  or  timbers  are  further  secured  to  the  hogging  piece 
and  keel  by  the  iron  knee  floors  n  n,  and  the  throat  of  the  knee 
floor  carries  a  long  bolt  through  hogging  piece,  keel,  and  lead 
keel  6.  But  this  is  not  a  good  plan,  and  the  most  approved  practice 
now  is  to  have  bolts  through  the  wood  keel  only  for  the  iron  knees,  and 
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separate  bolts  for  the  lead  keel  set  up  on  the  top  of  the  wood  keel  by 
nuts.  The  garboard  strakes,  6,  are  bolted  through  the  main  keel,  and 
altogether  the  structure  is  made  as  solid  and  immovable  as  if  it  were  one 


•'CONSTANC 
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whole  piece.  In  building  according  to  this  plan  great  care  is  necessary 
in  fitting  the  heels  of  the  timbers  into  the  keel  and  hogging  piece,  and  in 
seeing  that  they  are  of  sufficient  depth  so  that  the   bolts  may  be  well 
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placed.  A  later  adaptation  of  this  form  of  construction  is  shown  on 
Pig.  179,  representing  the  floors  and  keel  of  the  yawl  Constance  (now 
Freda),  built  in  1885. 

Sometimes  the  siding  of  the  hogging  piece  is  a  little  smaller  than  that 
of  the  main  keel,  and  the  heels  of  the  timbers  are  made  to  rest  on  the  edges 
of  the  top  of  the  keel,  which  thus  form  the  stepping  line  on  either  side. 

The  plan  of  bolting  the  heels  of  timbers  to  the  sides  of  a  keel 
without  any  jogs  or  stepping  line  whatever  is  very  objectionable,  because 
there  is  a  probability,  in  case  a  vessel  got  ashore  and  bumped  heavily, 
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of  the  garboards  being  driven  out  of  the  rabbets.  In  a  vessel  with 
a  flat  floor  this  assuredly  would  be  the  case,  as  the  iron  knees  would 
most  likely  part  in  their  angles  at  the  first  heavy  bump ;  in  fact,  they 
would  have  to  bear  the  brunt  of  the  shock.  But  even  with  a  great  rise 
of  floor,  the  garboards  may  be  crushed  out  of  the  rabbets,  if  the  heek 
of  the  timbers  are  not  butted  into  the  keel ;  in  fact,  a  case  occurred  in 
1877  when  a  vessel  of  some  120  tons  weight  got  on  some  rocks  in  Belfast 
Lough,  and  her  garboard  strakes  were  split  and  forced  out  of  the  rabbets. 
The  smallest  movement  of  the  heels  of  timbers  down  the  side  of  the 
keel  would  serve  to  wrench  the  garboards  away  from  their  fastenings  or 
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crush  them ;  whereas,  if  the  heels  were  properly  butted  into  the  keel  they 
could  Dot  shift,  and  no  undue  strain  would  come  on  the  garboards  in  case  of 
bumping. 
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The  late  Mr.  Dan  Hatcher,  of  Northam,  on  the  Itchen,  for  many  years 
used  a  plan  for  fixing  floors  which  can  be  recommended  for  small  yachts. 

G   G 
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In  Fig.  180  is  the  keel^  about  8  inches  sided  amidships  for  a  lO-tonner  of 
the  past.  A  stepping  channel^  about  4  inches  deep^  is  cut  out  along  its 
entire  length  for  the  heels  of  the  timbers  8  8  to  rest  on,  and  a  bolt  / 
passes  through  the  heel  of  each  timber  and  the  keel.  Besides  this  an  [_ 
angle  iron  knee,  a,  is  bolted  on  the  sides  of  the  timbers  through  the  keel, 
as  shown.  The  through  bolt  d  e  passes  through  the  keel  and  lead  keel ; 
but,  as  before  explained,  it  should  not  pass  through  the  angle  iron  knee 
floor.  The  latter  should  have  separate  and  smaller  bolts.  In  large  yachts 
a  through  bolt  is  driven  through  garboard  and  keel,  and  through  garboard 
and  a  timber  in  every  frame. 


Fio.  182. 

In  yachts  of  70  tons  and  upwards  the  heels  of  the  floor  should  be  deep 
enough  to  take  two  through  bolts,  as  shown  in  Figs.  178  and  179. 

Fig.  181  represents  the  construction  of  the  Saraband  10-tonner  at  the 
mid-section,  the  keel  being  the  broadest  put  into  a  10-tonner. 

In  the  case  of  small  yachts  with  deep  thin  lead  keels  like  the  Dolphin 
(Plates  XXI.  and  XXII.,  Series  A),  great  care  has  to  be  taken  in  boring 
the  lead  for  the  bolts,  and  in  ensuring  a  true  connection  with  the  holes 
in  the  wood  keel. 

Several  plans  have  been  proposed  for  dispensing  with  the  wood  keel 
altogether,  but  hitherto  the  plans  have  not  met  with  favour. 

Mr.  John  Chambers   (of  Messrs.  Page  and  Chambers^  Lowestoft,  who 
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built  the  Saraband)  has  contrived  one  of  the  most  likely  plans,  by  which 
means  the  wood  keel  can  be  dispensed  with,  and  great  weight  consequently 
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saved.     In  the  case  of  a  10-tonner  like  Saraband  the  saving  in  weight 
would  be  about  a  quarter  of  a  ton.     Fig.  182  shows  a  cross-section  view. 

a  C  is  the  garboard  strake. 

B,  bolt  through  the  lower  edge  of  the  garboard,  through  the  lead  keel. 

E  is  the  line  of  the  top  of  the  lead. 
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F  is  an  iron  girder  cast  into  the  keel. 

J  is  a  frame  bolted  through  the  keel,  but  this  seems  hardly  necessary, 

a  o  2 


452 


Yacht  Architecture. 


as  it  will  be  seen  from  Pigs.  183  and  184,  the  heels  of  the  frames  are  so 
dovetailed  that  they  could  no  more  be  forced  out  than  they  could  be  drawn. 

C  D  is  a  filling  piece  over  heels  of  frames  shown  also  in  Fig.  184. 

K  is  an  oak  key  on  the  principle  of  a  "  Lewis." 

L  is  a  piece  of  1  iin.  oak  timber  which  ties  the  frames  together  (see 
Fig.  182). 


Fia.  185. 

Figs.  185  and  186  show  the  mode  of  scarphing  the  wood  keel  to  the 
lead  keel.     (2  is  a  dowell. 

If  necessary  a  similar  girder  could  be  cast  in  the  keel  near  the  top, 
so  that  in  sections  the  girder  would  show  in  the  T  form.  This  would 
provide  for  lateral  stiGFness  as  well  as  vertical.  It  should  be  noted  that  it 
would  not  be  safe  to  trust  to  the  lead  alone  for  stiffness  as  it  bends  very 
readily,  and  although,  in  a  vessel  with  sections  like  Saraband  the  plank 


greatly  adds  to  the  vertical  stiffness,  the  addition  of  the  girders  in  the  lead 
would  be  also  necessary. 

A  scarph  in  a  keel  is  shown  by  Fig.  187.  Sometimes  the  jog  a  is  in 
the  form  of  a  tenon  only,  but  the  plan  shown  is  the  better,  with  the  tenon 
t  in  parts  of  the  scarph. 

ITie  letter  w  denotes  "  a  stop-water,'^  and  is  a  plug  of  soft  fir  driven 
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tightly  into  a  hole  bored  through  the  keel  at  the  npper  jog^  as  shown. 
When  the  vessel  is  put  afloat  this  plug  swells  and  presents  leakage. 
Stop-waters  are  also  placed  in  the  junction  of  stem  and  keel  and  stern  post 
and  keel.  The  length  of  searphs  depends  greatly  upon  the  depth  of  the 
keel^  and^  as  a  rule^  should  make  an  angle  of  13°  with  the  top,  or  under 
side.  In  some  pf  the  published  rules  for  building  the  length  of  searphs 
are  given  for  certain  breadth  or  ^'  siding  ^'  of  keel ;  but  this  obviously 
is  misleading,  as  the  depth  or  ''  moulding  "  of  keels  vary  so. 

The  "fin  bulb"  construction  is  shown  on  Plates  XIII.  2  (A)  and 
XIV.  (A),  &c. 

The  keel  having  been  sawn  out  according  to  the  plans,  or  from  moulds, 
the  next  thing  to  do  will  be  to  get  it  into  place  on  the  building  blocks. 

In  laying  the  blocks  to  take  the  keel,  care  should  be  taken  to  ascertain 
if  the  ground  is  quite  solid,  and  the  side  of  the  bottom  blocks  will  some- 
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what  be  guided  by  the  condition  of  the  ground.  If  possible  the  vessel 
should  be  built  on  a  declivity,  to  simplify  the  arrangements  for  launching. 

The  general  practice  now  is  to  build  with  the  L.W.L.  parallel  to  the 
line  of  the  horizon,  or  just  as  the  vessel  will  float  on  the  water.  The  blocks 
are  then  so  laid  that  they  take  the  underside  of  the  keel  for  the  required 
level  position.  This  is  easily  done  by  stretching  a  line  at  some  convenient 
distance  over  the  blocks  to  represent  the  base  line,  the  latter  being,  as  before 
explained,  made  parallel  to  the  load  water-line  by  aid  of  a  spirit  level. 

In  fixing  on  the  height  of  the  blocks,  due  care  must  be  taken  to 
provide  facility  for  getting  in  the  keel  fastenings,  so  as  to  avoid  unnecessary 
excavations. 

When  a  vessel  has  a  lead  keel,  it  is  sometimes  the  practice  to  cast  this 
keel  and  make  it  form  part  of  the  building  blocks.     The  objection  to  this 
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is  that  the  floor  and  keel  bolts  can  then  only  be  put  in  through  the 
keel^  and  this  is  objectionable  now   that  lead  keels  have  grown  to 


>!'?  Jcafe 


,^^^^^^ 


Fig.  186. 


SO  large,  mainly  on  the  score  of  the  cost  of  the  bolts  and  the  labour  in 
boring^the  holes  to  take  them. 


Framing  Yacht — Sheer  Harpins. 
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In  the  case  of  small  yachts  the  stem  and  stern  post  are  usually  fitted 
to  the  keel  before  placing  on  the  blocks  by  aid  of  the  moulds^  and  this 
will  be  the  easier  plan  as  a  rule. 

A  wood  frame  of  a  vessel,  as  will  be  seen  from  Plate  XIV.,  XVI.,  &c., 
and  Figs.  188  and  189,  are  composed  of  various  parts,  and  it  is  usual  to 
so  arrange  the  diagonal  lines  shown  in  Fig.  174  that  they  cross  the  heads 
and  heels  of  the  timber. 

The  siding  of  the  frames  alter  abruptly,  as  will  be  seen  by  Plate  XIV., 
but  the  moulding  tapers  gradually  as  shown  in  Fig.  188. 

The  heads  and  heels  of  the  timbers  are  usually  connected  by  dowells. 

The  common  practice  now  is  to  make  the  frames  close  jointed,  with 
square  iron  bolts  for  connections,  as  shown  in  Plate  XIV. ;  but  often  the 
imbers  are  placed  two  or  more  inches  apart  with  a  chock  between,  and 


Fig   189. 


connected  by  square  galvanised  iron.  So  far  as  the  frames  go,  those  which 
are  close  jointed  have  the  greatest  strength,  but  there  is  some  risk  of  decay 
owing  to  the  damp  getting  between  the  joints ;  on  the  other  hand  the  open 
frames  give  more  support  to  the  plank,  especially  in  small  vessels,  where 
there  is  little  depth  of  seam  for  caulking. 

When  the  frames  are  finished  and  marked  they  are  raised  upon  the 
keel  and  plumbed  and  squared  into  position.  In  a  small  vessel  this  is  a 
very  easy  operation,  but  not  so  in  a  large,  and  tackles,  ropes,  and  shores 
will  have  to  be  resorted  to.  When  the  parts  of  two  frames  on  opposite 
sides  of  the  keel  are  in  position,  it  is  a  good  plan  to  connect  them  by  a 
deep  batten  across  the  water-line  marks,  as  shown  in  Fig.  190. 

A  common  practice  for  facility  in  getting  the  frames  into  their  right 
places  in  small  vessels,  is  to  first  fix  a  sheer  harpin  by  aid  of  shores  and 
struts  from  the  stem  to  stern-post.  This  ribband  will  represent  the  deck 
outline  as  taken  from  the  half  breadth  plan.     For    a  10-tonner,  say,  it 
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would  be  made  of  inch  deal^  and  be  about  lOin.  wide.  The  stations  for 
the  heads  of  the  timber  are  marked  on  it,  or  cut  out  as  may  seem  most 
suitable  (see  Pig.  189). 

Single  timbers  are  usually  worked  for  about  one-sixth  the  deck  length 
in  the  bow,  and,  formerly,  single  timbers  were  occasionally  worked  all 
through.  There  is  no  objection  to  this  plan  in  small  vessels  of  20  tons 
and  under  if  the  grain  runs  with  the  curve  of  the  timbers,  and  if  the 
timbers  are  in  one  length  keel  to  deck.  Some  large  vessels,  such  as  the 
schooner  Alarm,  were  single  framed  in  varying  lengths,  great  care  being 
taken  that  there  was  a  proper  shift  of  butts,  so  that  the  jointing  of  heads 
and  heels  did  not  make  a  continuous  straight  line  in  a  fore  and  aft 
direction.  When  the  midship  fr.ime  and  two  or  three  other  frames  are 
in  position,  a  harpin  or  ribband  is  put  round,  as  shown  in  Pig.  190. 

These  are  sometimes  square  and  sometimes  triangular  in  section,  the 
latter  bending  the  truer.  These  ribbands  are  secured  by  coach  screws  or 
eye  screw  bolts  to  the  frames ;  the  latter  are  to  be  preferred,  as  they  pan 
be  screwed  up  with  greater  ease,  but  they  should  be  used  with  a  flat  ring 
or  washer.  When  the  harpins  are  all  on,  the  framing  will  be  continued, 
and  some  fairing  with  the  adze  may  be  necessary.  If,  however,  the 
timbers  were  cut  out  with  proper  care  from  these  moulds,  the  chipping  will 
not  be  required. 

In  small  vessels  every  other  frame  is  sometimes  left  out,  and  a 
steamed  timber  worked  instead.  Particulars  of  this  construction  will  be 
found  further  on. 

When  the  frame  is  complete  the  planking  will  be  commenced  from  the 
sheer  strake  downwards,  the  plank  when  required  being  steamed.  The 
strakes  are  held  in  position  by  screw  clamps,  as  shown  in  Pig.  1 90,  and 
sometimes  chains  set  up  by  a  sort  of  tourniquet  are  resorted  to  if  all  the 
clamps  are  in  use. 

Butts  should  not  come  nearer  than  5  feet  to  each  other  on  adjoining 
planks ;  and  no  butts  are  allowed  on  the  same  timber  unless  three  strakes 
come  between  them.  This  rule  should  be  very  particularly  attended  to, 
especially  in  vessels  which  have  but  one  or  two  inside  strakes,  and  but  few 
through  fastenings. 

With  regard  to  inside  strakes,  commonly  termed  bilge  stringers,  or 
bilge  strakes,  there  should  be  a  pair  worked  over  the  floor  heads  on  each 
side  of  vessels  under  80  tons,  and  two  pairs  each  side  in  vessels  above 
80  tons,  connected  by  an  iron  breast-hook  at  the  stem,  somewhat  of  the 
form  of  the  iron  knee  floors  shown  in  Pig.  178.  The  shift  of  butts  in  the 
bilge  strakes  should  not  be  less  than  5ft.  In  vessels  of  80  tons  and 
upwards  a  wale  is  usually  worked,  or  thick  strake  outside  just  above  the 
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water-line.  The  size  for  deck  beams  will  be  taken  from  the  table,  but 
the  full  size  should  not  run  from  stem  to  stern^but  get  smaller  as  the  beam 
decreases  at  either  end^  except  at  the  mast  and  windlass. 

The  arch  given  to  beam  varies,  being  most  in.  nmallTggsels ;  generally 
iin.  to  the  foot  is  allowed. 

It  is  seldom  that  a  shelf  is  met  with  in  5-tonners,  a  clamp  only  doing 
duty  as  a  shelf  to  take  the  deck-beams  and  fastenings  and  timber-head 
fastenings.  When  a  clamp  only  is  fitted  in  a  5-tonner,  the  top  strnke 
(under  the  covering  board)  should  be  of  oak  or  teak,  and  bolted  through 
timber,  clamp  and  all.     See  Vivid,  Plate  XIV.  2. 


Via.  191. 


The  correct  method  of  construction  for  this  part  of  the  vessel  is  shown 
by  Fig.  191 ;  a  is  a  timber  of  the  frame ;  b  a  deck  beam ;  c  the  shelf ;  d  the 
clamp ;  e  the  ceiling ;  /  the  outside  plank ;  g  the  top  strake  or  sheer  strake , 
h  the  covering  board ;  i  the  deck  plank ;  j  a  stanchion  fitted  between  the 
frames  ;  h  k  bolts  through  every  beam ;  I  a  dowell ;  m  a  bolt  through 
every  frame ;  n  a  hanging  knee  bolted  as  shown ;  o,  in  the  other  sketch, 
shows  a  section  of  pieces  of  timber  fitted  between  deck  beams  to  take  the 
fastenings  of  the  covering  board.    Each  piece  of  timber  is  bolted  to  the  shelf. 

The  number  of  hanging  knees  depends  upon  the  size  of  the  yacht,  and 
the  minimum  number  allowed  is  set  forth  in  the  table  farther  on. 


Construction  of  Counters. — Stern  and  Counter  Construction,  459 

The  shelf  will  be  secured  to  the  knighthead  and  stem  forward  by  a 
galvanised  iron  or  oak  breasthook  of  about  the  same  size  as  the  hanging 
knees.  In  the  wake  of  the  masts^  and  at  intervals  of  fifths  of  the 
lengthy  lodging  knees  of  oak  will  be  worked  under  the  deck  to  the  beams. 

The  construction  of  the  counter  is  shown  by  Plate  XIV.  3. 

AAA,  &c.,  are  chocks  to  take  the  ends  of  the  deck  (see  P,  Fig.  192). 

B  B,  rudder  trunk  boards  rabbetted  into  horn  timbers,  and  extending 
to  under  deck.  The  boards  are  secured  to  the  stem  post  by  the  bolts 
d  d  d,  &c.  It  will  be  seen  that  there  is  a  filling  piece  between  the  stern 
post  and  trunk  boards,  to  insure  the  rudder  post  not  janmiing,  and  also  to 
leave  room  to  work  a  caulking  iron  if  necessary.  For  this  purpose  it  is 
usual  to  leave  a  good  space  abaft  the  rudder  post. 

D  is  the  thwartship  chock  which  forms  the  aft  side  of  the  rudder 
trunk,  as  shown  by  L  in  Fig.  192. 

C  is  a  long  chock,  to  take  the  ends  of  the  plank  (see  e,  Fig.  193) ; 
f  is  the  stem  post,  and  h  the  inner  post.     The  rake  of  the  post  is  allowed 


Fig.  192. 

for,  as  will  be  seen ;  8  ss,  &c.,  are  the  fastenings  of  shelf  through  frames 
and  plank. 

X  Stanchions. 

The  manner  of  working  the  quarter  timbers  are  shown  on  Plate  XIV.  3. 
Another  plan  is  shown  by  Fig.  194. 

The  quarter  timbers  are  tenoned  into  the  head  of  the  transom  frame 
(see  Fig.  194). 

The  horn  timbers  are  bolted  through  the  stem  post,  and  tenoned  into 
the  frame  next  ahead  of  the  transom  frame  at  J.  They  are  shown  also  in 
section  K  in  Fig.  194. 

In  Fig.  194  (near  the  end  of  the  counter)  the  manner  of  jogging  the 
cross  pieces,  S,  is  shown  by  E  D,  also  the  probable  section  of  the  quarter 
timbers  at  that  part  (see  N,  Fig.  194). 

The  part  of  the  quarter  timber  above  A  (see  B  in  the  sheer  outline, 
Fig.  194)  is  usually  fashioned  by  a  moulding  termed  a  quarter  badge,  but  a 
more  elegant  finish  is  to  work  it  off  flush  with  the  plank. 
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The  metal  fastenings  of  yachts  (see  table  farther  on)  form  a  subject  about 
which  there  is  a  great  deal  of  opposite  opinion.  The  builder  who  constructs 
cheaply  contends  stoutly  that  there  is  nothing  like  iron  for  above-water 
fastening ;  on  the  other  hand,  the  builder  who  always  asks  and  gets  a  good 
price  for  his  work  would  as  soon  think  of  fastening  a  yacht  with  cabbage 


iin.  Soale. 
METHOD  OP  BUTTING  AFTER  ENDS  OP  PLANK. 
a  Flare  off  of  bulwark.  e  Cbock  rabbeted  to  take  ends  of  plank. 

h  Top  atrake.  i      /  Stem  port  rabbeted  into  plank  and  stem 

c  Stem  moulding.  obook  and  secnred  with  eorewB. 

d  Plank  worked  athwartahips.  '       g  Bndder. 

stumps  as  use  any  iron  bolts  at  all.  Others  reconmiend  iron  for  dead-wood 
bolts,  sheK-bolts,  and  floor  bolts,  with  Muntz  metal  for  plank  fastening. 
The  most  approved  plan  is  to  have  Muntz  metal  of  good  quality  for  all  long 
bolts,  and  copper  bolts  for  all  scarphs  and  plank  butt  fastenings.  There  is 
no  doubt  that  iron  has  advantages,  so  far  at  least  as  long  dead-wood  bolts 
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Fio.  194. 


A  Quarter  timber. 

B  Top  Strake. 

C  CoTering  Board. 

D  Horn  timbers  bolted  through 

E  Stem  timbers.       [stempost. 

F  Transom  Frame. 

H  Frame. 

I   Bndder  tnink. 

J   Deadwood. 


K  Stempoet,  not  allowing  for  rake, 
showing  seotion  of  horn  timbers 
each  side. 

L  Shelf. 

M  Clamp. 

N  Sketch,    showing    jogging    of    cross 

P  Deck.  [pieces. 

S   Cross  pieces. 

T   Chock  to  rtfceire  ends  of  deck. 
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are  concerned.  Iron  can  be  driven  very  much  tighter  than  copper  rod,  and 
its  strength  is  greater.  We  have  seen  iron  bolts,  that  had  been  made  hot 
and  dipped  in  varnish  or  oil  before  they  were  driven,  taken  oat  of  a  vessel 
thirty  years  old,  long  before  galvanised  iron  was  heard  of,  as  clean  and 
bright — in  fact,  the  varnish  nnperished — as  they  were  at  the  moment  of 
driving.  On  the  other  hand,  if  the  iron  were  driven  through  a  shaky  piece 
of  timber,  or  loosely  driven,  so  that  salt  water  might  get  to  it  with  drainings 
from  the  copper,  decay  of  the  iron  would  be  very  rapid  ;  hence  preference 
must  be  given  to  copper  or  Muntz  metal,  but  the  latter  if  of  inferior  quality 
is  very  brittle.  Gralvanised  wire  is  often  used  for  shelf  fastenings,  and  it  is 
less  objectionable  there ;  but  preference  should  be  given  to  Muntz  metal 
for  all  dead  woods,  as  it  can  be  driven  as  tightly  as  iron,  and,  if  of  the  best 
quality,  will  clench  as  well.    Copper  for  scarphs  of  keel,  and  all  butt  bolts. 

#  Boit 

O  Dwnp 


77 


Fio.  195. 

Whether  trenails  or  bolts  are  used,  one  should  be  put  in  each  plank  or 
strake  at  every  timber ;  two-thirds  of  the  trenails  must  be  driven  through, 
and  the  butts  of  the  plank  should  be  through-bolted  with  copper;  and  the 
bilge  strakes  and  limber  strake  should  also  be  through-bolted  with  copper. 

Trenails,  owing  to  the  large  holes  they  require,  are  not  adapted  for 
vessels  of  less  than  50  tons  on  account  of  the  small  size  of  the  timbers,  and 
generally  should  only  be  used  in  the  bottom  plank. 

The  system  of  fastening  with  one  through  bolt  to  every  other  frame, 
and  a  dump  to  the  remaining  timbers  is  shown  by  Fig.  195. 

In  some  cases  only  one  dump  is  used  for  each  frame  instead  of  to  each 
timber,  and  only  one  through  bolt  for  the  butts  ;  or  one  through  bolt  and 
a  dump.  Lloyd's  require  the  plank  to  be  double  fastened  (as  shown  in 
Fig.  195)  if  the  plank  be  11  in.  broad  ;  double  and  single  if  8in.,  and  under 
8in.  single.  The  dumps  in  length  should  be  at  least  double  the  thickness 
of  the  plank. 
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Care  must  be  taken  that  the  seam  of  the  butt  comes  on  the  face 
of  a  timber  and  not  on  the  joints  so  that  there  may  be  a  stop  for  the 
caulking. 

The  shift  of  plank  for  the  deck  will  be  the  same  as  for  the  oatside 
plank.  The  deck  planks  are  dowelled  together  and  fastened  diagonally 
from  one  side  only  into  the  beam.  The  dowells  are  worked  horizontally, 
and  in  some  well-built  vessels  a  tongae  of  hard  wood  is  inserted  in  the  butt 
ends.  G^vanised  iron  or  yellow  metal  dowels  and  nails  are  used.  If 
ungalvanised  iron  is  used  rust  will  soon  show  through  the  deck. 

In  the  case  of  steam  yachts,  round  the  steel  or  iron  coamings  a  strake 
of  teak  should  be  worked,  otherwise  the  rust  from  such  coamings  will  stain 
the  fir  plank,  and  such  stains  are  difficult  to  remove. 

It  will  be  seen  from  Plate  XIV.  that  the  deck  pi  ink  is  made  to  taper  j 
and  forward  the  ends  are  now  usually  square  butted  into  the  covering  board, 
and  not  finished  with  a  feather  edge  as  shown  in  the  Plate.  The  main  object 
of  thus  butting  the  ends  of  the  plank  into  the  covering  board  is  to  avoid 
a  thick  ugly  caulking  seam,  and  perhaps  a  leaky  one,  round  the 
covering  board.  The  butts  are  usaally  about  one-third  the  breadth  of 
the  plauk. 

In  caulking  very  great  care  should  be  t«iken  to  drive  the  oakum  equally 
as  to  hardness.  For  this  reason  too  many  hands  should  not  be  employed  in 
caulking,  especially  on  the  same  seam,  as  no  two  men  will  drive  it 
alike.  The  oakum  should  be  driven  as  far  through  the  seams  as 
practicable. 

Cotton  is  usually  used  for  deck  seams,  and  great  care  should  be 
exercised  in  driving  it  so  that  the  edges  of  the  plank  are  not  injured. 

In  the  table  of  years  assigned  to  different  material  it  should  be  noted 
that  American  elm,  or  English  elm,  is  liable  to  very  rapid  decay 
if  subjected  to  alternate  wetting  and  drying,  or  to  ill  ventilation  or 
damp  air. 

In  giving  a  class  and  term  of  years  to  a  yacht  by  Lloyd's  it  is 
generally  done  under  what  is  known  as  the  ''mixed  material '^  rule. 
That  is  to  say  the  timber  of  lowest  grade  used  is  taken  as  the  basis,  and 
then  for  the  superior  timber  used  and  good  workmanship  one  or  two  years 
are  added.  An  extra  year  is  also  given  if  a  yacht  has  no  iron  fastenings 
below  the  load-line,  but  a  mixture  of  treenails  and  yellow  metal  or  copper ; 
and  if  iron  is  excluded  entirely  from  the  outside  two  extra  years  are  given  ; 
if  the  whole  of  the  fastenings  are  of  yellow  metal  and  copper,  three  extra 
years  are  given.  An  extra  year  is  also  given  if  the  yacht  is  built  under  a 
roof.  If,  then,  a  yacht  has  stem,  stern  post,  frames,  and  dead  wood  of 
English  oak,  and  plank  of  pitch  pine  below  the  load-line,  and  teak  above. 
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her  grade  would  be  twelve  years.     If  all  fastenings  were  of  yellow  metal 

or  copper,  her  term  of  years  would  be  made  up  as  follows  : 

Term  for  material  used    12  years 

Mixed  material  mle 1  jear 

Material  fastenings  Syn.n 

Bnilt  nnder  roof    1  year 

17  years 
If  the  bottom  planking  is  of  English  or  American  elm^  and  the  shelf  of 
teak,  another  year  would  be  given  under  the  mixed  material  rule.  Some- 
times the  additional  year  is  given  where  the  shelf  is  not  of  teak,  providing 
an  equivalent  quantity  of  teak  is  worked  in  elsewhere^— such  as  for  bilge 
strakes  or  clamps. 

The  letter  A  denotes  the  character  and  condition  of  the  materials 
used  as  being  good.  The  numeral  1  denotes  that  the  equipment  of  the 
yacht,  such  as  her  gear,  blocks,  anchors,  chains,  hawsers,  &c.,  are  good, 
and  of  the  sizes  required  by  the  rules.  Lloyd's,  however,  are  only  par- 
ticular as  to  the  size  and  strength  of  blocks  and  ropes,  and  pay  no 
attention  to  their  finish  or  appearance. 

NUMBEB  OF  TBABS  ASSIQKED  BT  LLOYD'S  TO  DIFFEBENT  KINDS  OF 

TIMBER. 


Debcbiption  of  Timber. 
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East  India  Teak  

Eng-  iflh.  African,  French.  Adri- 
atic, Italian,  Spanish,  and 
Portaguese  Oak8,Greenheart, 
Mom,  and  Iron  Bark 

Pitch  Pine,  Oregon  and  Hnon 
Pine,Larob.  Hackma'a  k,and 
Cowdie  or  Kaorie  Pine   

Non  hem  Continental  Oak 

Dantzic,  M^mel,  Biga,  and 
American  Bed  Pine 

English  Elm  and  American 
BookElm 

Qpmce  Fir,  Swedish  and  Nor- 
way Bed  Pin<%  


16 


12 


10 


16 


16 


18 


16 

12 

12 
12 

9 

16 

8 


16 


12 


10 
10 


16 


12 


10 
10 


16 


12 


10 
10 

10 


16 


12 
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The  tables  which  follow  are  those  which  were  compiled  for  the 
Yachting  Lloyd's  in  1876,  and  are  as  suitable  as  those  given  in  Lloyd's 
Register;  but  if  a  yacht  is  to  be  classed,  Lloyd's  rales  would  have  to 
be  complied  with.  [Which  Rules  can  be  obtained  from  Lloyd's,  White 
Lion-court,  Comhill.] 
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JndAaohor. 

8rd  Anchor. 

4th  Anchor 
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Weight. 

Test. 

Weight. 

Teat. 

Weight. 

Test. 

Weight 

ex     1   Test 
Stock.  1 

Tons. 

Tons. 

Tons. 

CwtB. 

Tons. 

With  Stock 

With  Stoolc 
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With  Stock 

281b. 
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Chain  Gable. 

Stream  Chain. 

Hawser. 

Warp. 

Thames 
Tonnage. 

Mini- 

Break- 

sS^ 

Test 

Test 

Length. 

Length. 

Sise. 

Length. 

Size. 

Length. 

Size. 

Jua. 

Tons. 

Tons. 

Fathoms. 

Fathoms. 

Ins. 

Fathoms. 

Ins. 

Fathoms. 

Ins. 

3 

A 

— 

— 

50 

— 

— 

40 

3 

40 

2 
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A 

— 
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50 

— 
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40 

H 
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2i 
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tV 
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60 
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4 

45 

3 

20 

A 
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200 
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45 
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90 
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15t^ 
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45 

^ 

75 
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300 
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The  weight  of  chain  cable  per  fathom  can  be  found  by  multiplying  the  square  of  the  diameter 
(diameter^)  by  54. 
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COMPOSITE  CONSTRUCTION. 


A  yacht  of  composite  construction  is  one  which  has  stem,  sternpost, 
keel,  and  planking  of  wood,  and  frames,  beams,  floors,  gunwales,  Ac.,  of 
iron  or  steel.  The  great  advantage  of  this  form  of  construction  is  that 
for  any  given  tonnage  so  muuh  more  internal  space  is  available  for  cabin 
accommodation  in  consequence  of  the  smallness  of  the  frames  compared 
with  wooden  frames.  This  difference  is  mostly  apparent  in  large  yachts, 
however,  although  a  considerable  advantage  exists  for  small  vachts.  For 
a  wood  yacht  of  50  tons  the  frames  would  be  4iin.  moulded,  whereas  tbe 
moulding  depth  of  the  angle  steel  frame  would  be  only  2in. ;  for  a  wood 
yacht  of  800  tons  the  fratnes  would  be  7iin.  moulded,  whilst  the  moulding 
depth  of  the  angle  steel  frame  would  be  only  Sin.  Thus  in  a  yacht  of 
300  tons  a  gain  of  at  least  6in.  breadth  could  be  obtained  by  adopting 
the  composite  system  of  construction. 

It  should  be  noted  that  the  size  of  the  frames,  &c.,  for  composite 
yachts  are  not  determined  by  tonnage,  but  by  the  sum  of  the  depth,  girth, 
and  breadth,  as  for  yachts  built  wholly  of  iron  or  steel.  In  composite 
yachts,  however,  the  frames  must  not  be  spaced  more  than  18  inches  apart, 
no  matter  what  the  size  of  the  yacht  is.  This  practice  is  followed  on 
account  of  the  caulking,  there  being  nothing  to  caulk  against  like  the  back 
of  the  wood  frames ;  and,  moreover,  the  plank  not  having  the  support  of 
the  broader  wood  frames,  and  the  fastenings  being  necessarily  farther  apart 
longitudinally,  there  would  be  danger  of  the  yacht  working  the  caulking 
out  if  the  spacing  were  increased.  However,  if  the  yacht  has  two  thick- 
nesses of  plank  (which  is  rarely  the  case)  the  spacing  can  be  increased. 

To  further  ensure  that  the  composite  yacht  shall  not  work,  Lloyd^s 
require  her  to  be  constructed  pretty  much  the  same  as  an  iron  or  steel 
yacht.  That  is  to  say,  she  must  have  deck  stringers,  tie  plates,  sheer 
strakes,  diagonal  plates,  bilge  plates,  &c.,  and  when  these  are  on  she  might 
almost  as  well  have  been  entirely  plated.  In  many  instances  of  building 
in  which  the  author  has  been  engaged,  Lloyd^s  have  allowed  the  diagonal 
plates  to  be  dispensed  with  by  the  addition  of  another  outside  fore-and-aft 
plate  (see  Plates  XX.,  &c.).  There  is  not  much  doubt  that  the  outside 
longitudinal  plates  (as  they  cross  the  frames  at  right  angles  and  are  much 
deeper)  are  to  be  preferred  to  the  diagonal  tie  plates,  and,  on  the  whole,  they 
are  not  so  much  trouble  to  plank  over  as  the  diagonal  plates.  Examples 
of  the  floor  and  gunwale  construction  and  longitudinal  strengthening 
by  diagonal  plates  are  given  in  Figs.  196,  197,  and  198,  representing 
the  construction  of  the  Tara  and  Milly.     Plate  XXI.  shows  a  similarly 
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"TARA,"  40-T0N& 


I      I      I       I       I 


All  planking  2* 

Deck     .        2" 

Frames    2\  2'x  W 

6  Reyened  do.  2'x2'j(  W 

Keel  JJ^'deep 

Mam  deck  beam  3li\29i'x  Yte' 

lower    ,      ,      2V2\y« 

Shear  stroke    12* x  fie 

Deck  stringer  14* x  Vie 

Angles  to  floors  2*x  2\  Vte 

,      ,  gunvmles  3*x  2*jr  fw 
Floor  plate  /4\V/e 
Keel  plate  Mt'thick.  flanged  4f/li' 
Lead  Keel  bolts  centre  IHt'diam.  spaced  18* 

,       .       ,     side  pairs  /* 
All  deck  beams  spaced  3' 
Frames  „      18' 

Bilge  stringers  2V  2*x  ^ 

12  Years  Table 

2  .      Mixed  Material  Rule 

3  ,      Metal  fastenings 
17  A 


Fig.  197. 


i 


S%}it'Bi^Stn^ 


Z}^Jbna-iaart£b^ 


■     ILLY 


DoiihUn^  /Uce 


PiO.  199. 


tCwt 
'  Lea/l  Eeel    6,  1. 
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constructed  40-tonner,  with  a  broader  wood  keel,  such  as  yachts  at  present 
are  provided  with.  The  iron  keel  plate  is  carried  well  up  over  the  apron 
of  stem^  and  to  it  the  frames,  &c.,  are  riveted  as  shown.  The  keel  plate  is 
through  bolted  to  the  keel,  as  shown  in  plate  representing  the  mid- 
section construction  of  Linotte  and  Tern,  or  fastened  by  a  coach 
screw,  as  shown  in  Fig.  199.  The  garboard  strake,  which  is  fastened  to 
the  frame  keel  plate  and  keel,  forms  an  additional  attachment  for  binding 
the  floor  construction.  However,  even  this  construction,  in  the  case  of 
yachts  with  very  heavy  lead  keels,  has  not  been  considered  sufficient,  and 
in  building  the  Genesta,  Mr.  J.  Beavor  Webb  introduced  a  steel  garboard 
plate.     In  Fig.  200  this  garboard  plate  is  shown  by/.     Where  the  keel 

KEEl  CONSTRUCTION  OF  GENESTA. 


Fio.  200. 

plate  has  not  been  flanged,  an  angle  iron  {g)  has  been  worked  (see  also 
Plate  XXI.).  The  floor  plates  {a  a)  are  worked  at  every  frame.  The 
garboard  plate  is  fastened  to  the  frames  {b  b),  angle  iron  {g),  and 
bolted  clean  through  the  wood  keel  (d  d).  The  wood  keel  is  in  two  pieces, 
the  seam  being  at  e,  and  there  is  another  bolt  below,  d  d.  The  keel  plate 
bolts  are  shown,  also  the  lead  keel  boats.  The  horizontal  bolts  are  for 
holding  on  the  side  pieces  of  lead  which  were  put  on  in  1885.  The 
small  circles  (c  c  c)  are  limber  holes,  the  yacht  being  cemented  up  level  with 
the  angle  floors,  or  heels  of  frames,  which  cross  the  top  of  the  keel  plate. 
Lloyd's  require  that  the  plank  shall  be  of  the  thickness  of  the  wales 
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specified  for  wood  yachts  of  similar  tonnage.  The  plank  is  fastened  to  the 
frames  by  brass  or  gunmetal  bolts,  set  up  on  the  frames  with  nuts.  The 
holes  in  the  frames  are  punched  or  drilled,  and  after  the  plank  ia  fitted  on 
the  frames  and  temporarily  secured  the  plank  is  bored  to  receive  the  head 
of  the  bolt  and  its  stem.  The  bolt  is  luted  with  white  lead,  and,  with  a 
thread  of  oakum  under  its  shoulder,  is  punched  in  through  the  plank  and 
frame  and  set  up  with  a  nut.  A  plug,  also  luted  with  white  lead,  is 
driven  in  over  the  head  of  the  bolt  to  fill  the  hole  in  the  plank.  The 
thread  of  the  bolt  is  opened  to  prevent  the  nut  working  off.  From  the 
bilge  downwards,  the  frames  and  nuts  are  cemented  over.  The  butts  of  the 
plank  do  not  meet  on  a  frame,  but  between  the  frames,  and  are  secured 
by  straps  of  iron  or  steel,  the  bolts  and  nuts  being  the  same  as  the  plank 
fastenings  through  the  frames. 

The  yachts  Linotte,  Tern,  and  May,  whose  mid-sections  are  shown 
on  Plates  XX.  and  XXI.,  were  assigned  a  20  years  class  by  Lloyd's. 
At  this  date  (1890)  the  only  other  yachts  which  had  received  a  similarly 
high  class  were  the  Marjorie  and  Lethe. 

The  20  years  class  is  made  up  as  follows,  according  to  Lloyd's  roles 

(stem  and  stempost  only  of  English  oak ;  keel,  English  elm ;  plank,  teak 

and  American  elm) : 

Wood  mAterial  ased 16  jean 

All  oatside  pUmk  f  aBtenings  jellow  metal    8  jeara 

Bailt  under  roof    1  year 

20  yeftra 

The  years  assigned  to  different  timber  by  Lloyd's  for  composite  yachts 
are  as  follow : 


Keel. 

stem,  SternpoHt,  Apron, 
InzMr  Stempoit,  Dead- 
wood.  Knightheftds,  and 
Hawse  Timbera. 

Ontaide  PUnUiig. 

III 

1 

Description  of  Timbbe. 

From  top  of  Keel 
to  two  feet  be- 
low Load-line. 

From    two   feet 
below  Load-line 
to  Flankaheer. 

ill 

& 

East  India  Teak    

16 
14 

14 

10 
16 

16 
12 

12 
9 

16 

14 

12 

12 
12 

10 
16 

8 

16 
12 

12 

10 
10 

9 

8 

16 
12 

12 

10 
10 

9 

16 

Greenheart,  Moxra,  and  Iron  Bark     ... 

EngliBh,    African,    French,    Adriatic, 
Italian,    Spanish,    and     Portuffaese 
Oaks  1 

Pitch  Pine,  Oregon  and  Hnon  Pine, 
Larch,  Hackmatack,  and  Cowdie  or 
Kanrie  Pine  

Northern  Continental  Oak i 

Dantzic,  Memel,  Biga,  and  American 
BedPine    

14 
14 

10 

English  Elm  and  American  Bock  Elm  ' 
Spruce  Fir,  Swedish  and  Norway  Bed 
Pine    

: 
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IRON  AND  STEEL  YACHTS. 

Sailing  yachts  are  occasionally  bailt  of  iron  or  steely  and  steam  yachts 
are  generally  constracted  of  these  materials.  The  advantage  ascribed  to 
the  composite  yachts,  owing  to  the  greater  internal  space  compared  with 
wood  yachts  for  any  given  tonnage,  is  even  more  apparent  in  iron  or  steel 
yachts,  as  practically  the  thickness  of  the  wood  planking  is  available  for 
increasing  the  internal  breadth.  The  objections  to  iron  or  steel  are  that 
the  variations  of  temperature  in  the  outside  air  follow  almost  instantly 
inside,  and  it  is  therefore  more  difficult  to  keep  an  equable  temperature  in 
the  cabins  than  it  is  in  the  case  of  a  yacht  planked  with  wood.  Also  the 
condensation  of  the  homidity  in  the  air  is  very  rapid,  and  this  may  be  an 
inconvenience  both  from  its  re-evaporation  and  from  the  damage  it  may  do 
the  plating  and  frames.  Another  objection  is  that  the  bottom  is  more  prone 
to  foul  than  that  of  a  yacht  covered  with  copper  sheathing.  However,  the 
advantages  due  to  the  greater  internal  space  and  cheapness  of  construction 
more  than  counterbalance  the  objections,  and, as  far  as  yachts  above  200  tons 
are  concerned,  steel  is  the  best  material  for  the  frames  and  for  the  skin  too, 
unless  the  yacht  is  destined  to  lie  afloat  for  long  periods  together  or  make 
long  voyages,  in  which  cases  the  composite  construction  may  be  preferred. 

It  is  beyond  the  scope  of  a  work  like  this  to  give  instruction  in  iron 
or  steel  yacht  building,  but  it  may  be  useful  to  quote  a  portion  of  Lloyd's 
Tables  for  stt^el  yachts.  (The  whole  rules  are  to  be  obtained  at  Lloyd's 
Register  of  Shipping,  White  Lion  Court,  Comhill).  For  iron  yachts  (now 
seldom  built)  the  sizes  are  about  25  per  cent,  larger. 


Bererse  Frames, 

Floor  PUites,  and 

Bulkheads. 

Spacing 

of 
Frames 
Centre 

to 
Centre. 

Frames. 

Beversed 
Frames. 

Floor  Plates.* 

Dimensions  of 

Angles  for 

three-flftbs  the 

length  of  ▼essel 

amidships. 

Dimensions  of 
Angles  before 

and  ahaft 

the  three-fifths 

lengths. 

Dimension  of 

Beversed 

Angles 

where  reqnired. 

For  Half- 
length 
amldsblpt. 

ThlRk- 
Enda. 

20     and  under  22*5 
22*5  and  under  25 
25     and  under  27'5 
27-5  and  under  30 
30     and  under  32*5 
32*5  and  under  35 
35     and  under  37*5 
37'5  and  under  40 
40     and  under  42  5 
42*5  and  under  45 

Inches. 
18 
18 
19 
19 
20 
20 
21 
21 

^1 
21 

Inches. 
lixUx^fe 
Uxltx^ 
2    x2    xA 

2  x2    x^ 
2ix2ixVb 
2ix2ixA 
2ix2ixA 

2Jx2txA 
8    x2ix^ 

3  x2ixA 

Inches. 
Hxlix* 

IfxlixA 
2    x2    x^ 
2    x2    x^ 
2ix2ixA 
2ix2ixA 

2ix2ixA 
2Jx2ixA 
8    x2iK^ 
8    x2ix,^ 

Inches. 

Hxl^xA 
IjKlJxA 

a  xiixA 
a  x2  x^ 

2ix2    xA 
2ix8ixVb 
2ix2ixjfe 

iDChM. 

lOxA 

12xA 
12xA 
13xA 
14xA 
ISx^-s 

Inchm. 

A 

A 
A 

t 

A 

t 

InchM. 

A 
A 

A 
A 

t 

Mbk. — The  numbers  for  regulating-  the  sizes  of  the  frames,  rerersed  frames,  and  floors  are 
obtained  by  the  addition  of  half  the  greatest  moulded  breadth  of  the  vessel,  the  depth  at  the 
middle  of  the  length,  from  the  upper  part  of  keel  to  the  top  of  the  upper  deok  beams,  with 
the  girth  of  the  half -frame  section  of  the  yesael  at  the  same  part  measured  from  the  centre  line 
at  top  of  keel  to  the  upper  deok  stringer  plate. 

*  Floor  plates  in  engine  and  boiler  si>aoe  of  steam  yachts  to  be  one-twentieth  of  an  inch 
thicker  than  giyen  in  this  table. 
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Thickness  of  Ontside  Plating,  in  l-20th  of  an  inch. 

Keel  and 

Stem, 

and 

Stempost 

for 

Numbers  for  Keel, 
Plating. 

Stem 
Frames 

of 
Pcrew 

aarboard  Strakes, 
breadth  and  thick- 
ness. 

Prom  Qarboard  to 

the  lower  edge  of 

Sheerstrake. 

Sheerstrake, 
breadth  and  thick- 
ness. 

Sailing 
Yachts. 

Taohts. 

Half. 

Half- 

Half. 

length 

Ends. 

length         Ends. 

amidslupa. 

End«. 

amidships. 

amidships. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Incbe». 

under  1000 

4ix    { 
4Jx    f 

4ixU 
4|xU 

3 

8 

3 

8 

3 

3 

1000  and  under  1300 

4 

4 

3  and  4 

3  and  4 

4 

4 

1300  and  under  1700 

5    X    i 

5    xlf 

4 

4 

4 

4 

5 

5 

1700  and  under  2200 

5ixl 

5ix2 

5 

5 

4  and  5 

4  and  5 

6 

5 

2200  and  under  2900 

5ixli 

5ix2i 

6 

6 

5 

5 

6 

6 

2900  and  under  3900 

5fxli 

5fx2i 

6 

6 

5  and  6 

5 

6 

6 

3900  and  under  5100 

6    xli 

6    x2i 

7 

6 

6 

5 

7 

6 

5100  and  under  5800 

6    xlf 

6   x2| 

7 

6 

6 

5 

8 

7 

5800  and  under  6500 

6ixU 

6ix3 

8 

7 

6  and  7 

5  and  6 

8 

7 

6500  and  under  7200 

6ixlt 

6ix3i 

8 

7 

6  and  7    5  and  6 

« 

7 

Mem. — The  number  for  regulating  the  sizes  of  the  keel,  8tem„  stempost,  and  the  thiokneaa 
of  the  outside  plating  is  obtained  by  multiplying  that  which  regulates  the  size  of  the  frames, 
&o.,  by  the  length  of  the  yesseL 


Nombers  for 

Keelsons,  Stringers, 

Tie  Plates, 

Middle  Line 
Keelson 
on  Floors. 

KtOaon 

uid 

Stringer 

Angle  Bui. 

It 

nger  Plate    on 
rp.  Deck  Beams 
I  Ends,  and  on 
ow.  Decks  Beam 
nds,  amidships. 

Tie 
Plates 

on 
Beams. 

Eudder. 

1 

Budders,  snd  Decks. 

Diameter 

Amidnhips. 

Enda. 

;gp<HJW| 

Head. 

HeeL 

under  1000 
1000  and  under  1300 
1300  and  under  1700 
1700  and  under  2200 

2200  and  under  290C 

2900  and  under  3900 
3900  and  under  5100 
5100  and  under  6500 
6500  and  under  8000 

Inches. 
Bulb. 

74XA 

Sixife 

9  xA 

10*  X  A 

Inoba*. 

A 
A 

Inches. 

2  x2   xA 
2*x2txA 
2ix2ixA 
2Jx2ixA 

a»x2JxA 

3  x2ixA 
3  x2ixA 
3  X3  xA 
3ix8  XA 

Inches. 

8xA 
lOxA 
12  X  A 
UxA 

16XA 

20XA 
22XA 
26xA 
28XA 

Inchee. 
6X^ 

»xA 
lOxA 

12XA 

15xA 
17x,»^ 

20XA 
21XA 

Inches. 

4xA 
5x^ 
6x^ 

6xA 

6x,»^ 

7xV\j 

7x^ 

In. 

'A 

2f 

3 
3i 

In. 

1 

n 

If 

2 
2 

2* 
2i 

In. 

i; 

2 

2i 

^ 

2? 
2i 

2i 

2^ 
3 

Mem. — The  number  for  regulating  the  sizes  of  the  keelson  and  stringer  plates,  deck,  Ao.,  is 
obtained  by  multiplying  that  which  regulates  the  size  of  the  frames,  &c.,  by  the  length  of  the 
vessel. 


SiZS    OF 

Uppsb  D»ck 

Bbamg. 

1 

Length  of 

Length  of 

Beam 

Angle  Bars. 

Beam 

Bulb. 

Donbtfl 

Amidships. 

Amidships. 

Au^lfl  Bat*. 

Feet. 

Inches. 

Feet. 

Inches. 

Inches. 

8 

2ix2   xA 

20 

5    X^ 

2   X2  xA 

9 

2fx2   x^ 

21 

5    XA 

2ix2ixA 

10 

3   X2   x^ 

22 

HxA 

2ix2ixA 

11 

3ix2iX^ 

23 

5ixA 

2ix2ixA 

12 

^x^x^ 

24 

6  XA 

2ix2ixA 

13 

3Jx2^xA 

25 

6  XA 

2ix2ixA 

14 

4  x3  x^ 

26 

6ixA 

2ix2ixA 

15 

4ix3  x^ 

28 

7  XA 

3  X     XA 

16 

4ix3  x^ 

30 

HxA 

3  x     xA 

'    17 

4fx3  x^ 

82 

8  XA 

3  X     xA 

18 

5  x3   Xi^ 

— 

19 

Hx8   XA 

— 

— 
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BOATS  AND  BOAT  BUILDING. 

There  is  no  uniform  practice  in  providing  yachts  with  boats  either  as 
to  number,  length,  breadth,  or  depth.  Each  builder  or  owner  suits  his 
judgment,  fancy,  or  requirements.  So  far  as  number  is  concerned,  yachts 
under  30  tons  usually  carry  one  boat  only ;  from  30  tons  to  80  tons  two 
boats,  and  above  80  tons  three  boats. 

For  a  yacht  of  30  tons  14ft.  is  about  the  length  of  the  boat.  In 
yachts  below  30  tons  the  length  would  be  reduced  down  to  the  9ft.  dinghy, 
which  a  10-tonner  can  carry. 

A  yacht  of  40  tons  would  carry  a  12ft.  dinghy  and  16fc.  gig;  60  tons, 
a  13ft.  dinghy  and  18ft.  gig ;  80  tons,  a  12ft.  dinghy,  16ft.  cutter,  and  19ft. 
gig;  100  tons,  a  1 2ft.  dinghy,  17ft.  cutter,  20ft  gig;  120  tons,  13ft.  dinghy, 
18ft.  cutter,  21ft.  gig;  150  tons,  13ft.  dinghy,  20ft.  cutter,  23ft.  gig; 
200  tons,  14ft.  dinghy,  22ft.  cutter,  24ft.  gig. 

For  the  tonnage  given,  steam  yachts  usually  carry  boats  somewhat 
longer  than  those  named,  as  steam  yachts  are  of  greater  length  for  their 
tonnage,  and  so  have  more  room  for  the  span  required  by  the  davits. 

The  dinghy  should  always  be  of  good  breadth  and  depth,  with  a 
flat  floor,  but  there  are  no  strict  rules  as  to  what  the  relative  breadth  and 
depth  should  be  in  yacht  practice.  The  Admiralty,  however,  have  rules . 
for  the  sizes  of  boats  as  follow.  [The  depth  is  measured  from  the  top 
of  gunwale  at  the  mid-length  to  the  garboard  strake  inside  at  its  junction 
with  the  rabbet  in  the  keel]  : 

ADMIRALTY  DIMENSIONS  FOB  BOATS  (1890). 


Description. 


Length. 


BtMdth. 


Depth. 


No.  of 
Oart. 


Length  of 
Can. 


Weight  of  Boat 
and  Oars. 


Will  carry 
persons. 


Dinghy  ... 
Dinghy  .... 
Cutter  .... 
Cutter  .... 
Cutter  .... 
Cutter  .... 
Cutter  ... 
Cutter  .... 
Cutter  .... 
Cutter-gig . 
Gig 

Oig 

Gig 

Qw 

Gig 

Gig 

Gig 

Gig 

Gig 

Gig 


12ft. 
14ft 
16ft. 
18ft. 
20ft. 
23ft. 
25ft 
28ft. 
30ft. 
20ft. 
20ft. 
21ft. 
22ft. 
23ft. 
24ft. 
25ft. 
26ft. 
27ft. 
28ft. 
30ft. 


5ft. 
5ft.  2in. 
5ft   7in. 

6ft. 
6ft.  4in. 
6ft.  lliu. 
7ft.  3in. 
7ft.  6in. 
8ft.  lin. 
5ft.  6io. 
5ft.  6in. 
5ft.  6in. 
5ft.  6in. 
5ft.  6iQ 
5ft.  6in. 
5ft.  6in. 
5ft.  6in. 
5ft.  6in. 
5ft.  6in. 
5ft.  6in. 


2ft.  lin. 
2ft.  21n. 
2ft.  2in. 
2ft.  2in. 
2ft.  3in. 
2ft.  4iin. 
2ft.  5^in. 
2ft.  6iin. 
2ft.  8|in. 
2ft.  2in. 
2ft.  2in. 
2ft.  2in. 
2ft.  2in. 
2ft.  2in. 
2ft.  2in. 
2ft.  2in. 
2ft.  2in. 
2ft.  2in. 
2ft.  2 in. 
2ft.  2in. 


4 
4 

6 
6 
8 
8 
8 
10 
12 
4 
4 
4 
4 
4 

V 


lift. 
12ft.  6iD. 

13ft. 

13ft. 

13ft. 
13ft.  6in. 
18ft.  6in. 

14ft. 

15ft. 

14ft. 

15ft. 

15ft. 

15ft. 

16ft. 

I6tt. 

17ft. 

17ft. 

17ft. 

17ft. 

17ft. 


4cwt. 

5c  wt. 

7cwt.  3qr8. 

9cwt.  2qr8. 

llowt. 
14cwt.  Iqr. 
16owt.  Iqr. 
ISovrt.  Iqr. 
19owt.  2qr8. 
7cwt.  Iqr. 
6c wt.  3qr8. 

7owt. 
7owt.  Iqr. 
7c  wt.  2qr8. 
7cwt.  Sqrs. 

8owt. 
8owt.  Iqr. 
8cwt.  2qr8. 
8cwt.  3qre. 
9cwt.  2qr8. 


9 
10 
14 
17 
21 
27 
34 
40 
50 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
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It  will  be  noted  that  tbe  cutters  are  very  large  and  powerful  boats^ 
much  larger,  in  fact,  than  a  yacht  could  carry.  The  dinghies  are  also 
larger,  and  fitted  with  thwarts  for  four  oars.  In  the  case  of  a  yacht  two 
men  would  be  usually  employed  in  a  14ft.  dipghy,  who  would  row  an  oar 
each,  but  in  the  smaller  size  one  man  only  would  be  employed.  In  the 
case  of  the  gigs  it  will  be  observed  that  the  beam  and  depth,  according  to 
the  practice  in  the  Royal  Navy,  are  uniform  throughout. 

As  already  stated,  there  is  no  uniform  practice  so  far  as  yachts  are 
concerned,  but  the  following  sizes  will  be  found  suitable  : 


DIMENSIONS 

FOE 

YACHTS' 

BOATS. 

DeBcription. 

Lengtii. 

Br<»adth. 

Depth. 

NO. 

of 

Gars. 

Length. 

Breadth. 

Deptb. 

No. 

of 

Oan. 

Dinghy    . 
Dinghy    ... 
Dinghy    ... 
Dinghy 
Dinghy    . . 
Dinghy    . . 

Cutter 

Cutter 

Cutter 

Cutter 

Cutter 

Cutter 

Cutter 

Cutter 

Cutter 

Cutter 

Cutter 

9ft. 
10ft. 
lift. 
12ft. 
13ft. 
14ft. 
15ft. 
16ft. 
17ft. 
ISit 
19ft. 
20ft. 
21ft. 
22ft. 
23ft. 
24ft. 
25ft. 

4ft.  2in. 
4ft.  3in. 
4ft.  4in. 
4ft:.  4in. 
4ft.  5in. 
4ft.  6in. 
4ft.  Sin. 
4tt.  lOin. 
4ft.  llin. 

5ft. 
5ft.  lin. 
5ft.  2in. 
5ft.  3in. 
5ft.  4in. 
5ft.  5in. 
5ft.  6in. 
5ft.  7in. 

1ft.  7in. 
1ft.  7iin. 
1ft.  Sin. 
1ft.  Siin. 
1ft.  9in. 
1ft.  lOin. 
1ft.  lO^in. 
1ft.  llin. 
1ft.  llin. 

2ft. 
3ft.  Oiin. 
2ft.  lin. 
2ft.  liin. 
2ft.  2in. 
2ft.  2|in. 
2ft.  3in. 
2ft.  3|in. 

2 
2 
2 
2 
2 
2 
2 
3 
3 
3 

5 

Cutter 

Gig 

Gig 

Gig 

Gig 

Gig 

Q^a 

G^fir 

Gig..; 

Gig 

Gig 

(^\g 

Gig 

GU 

Gig 

Gig 

Gig 

26ft. 
16ft. 
17ft. 
18ft. 
19ft. 
20ft. 
21ft. 
22ft. 
23ft. 
24ft. 
25ft. 
26ft. 
27ft. 
2Sft. 
2  ft. 
30ft. 
31ft. 

5ft.  Sin. 
4ft.  6in. 
4ft.  6in. 
4ft.  6^in. 
4ft.  7in. 
4ft.  7iin. 
4ft.  Sin. 
4ft.  S^in. 
4ft.  9in. 
4tt.  9|in. 
4ft.  lOin. 
4ft.  llin. 

5ft. 
5a  lin. 
5ft.  2in. 
5ft.  3in. 
5ft.  4iD. 

2ft.  4in. 
1ft.  9in. 
1ft.  9in. 
1ft.  9^in. 
1ft.  9iin. 
1ft.  lOin. 
1ft.  lOin 
1ft.  lO^in. 
1ft.  I0|in. 
1ft.  llin. 
1ft.  llin. 
1ft.  ll^in. 
1ft.  lliin. 

2ft. 

2ft. 
2ft.  lin. 
2ft  2in. 

6 
2 
2 
3 
3 

5 
6 
6 
6 
6 

Boats  are  not  often  built  from  lines  or  models,  the  boat  builder  trusting 
to  his  eye  for  making  the  boat  of  a  suitable  shape  for  her  work.  For  sea 
work  the  floors  of  dinghies  and  cutters  should  be  flat^  and  the  greatest 
beam  should  run  well  fore  and  aft. 

Plates  IV.,  v.,  and  VI.  (Series  D)  give  the  lines  of  some  weU-formed 
boats  built  at  Cowes  for  yachts. 

It  would  be  useless  to  attempt  to  give  instruction  as  to  the  building  of 
boats  without  moulds  as  usually  practised,  and  what  follows  will  conse- 
quently relate  to  building  from  moulds  which  have  been  fashioned  from 
some  design. 

The  operation  of  boat  building  from  moulds  is  analogous  to  that 
already  described.  Stout  moulds  will  be  made  and  set  up  on  the  keel  as 
shown  on  Figs.  201,  202,  203,  and  204. 

In  the  first  place  lay  off  the  sections,  keel  and  sternpost,  and  stem  as 
described  page  413.  If  the  keel  has  a  straight  edge  to  top  and  bottom, 
it  will  not  require  to  be  laid  off. 

^hen  the  sections  are  laid  off,  proceed  to  make  moulds   to  fit  tbe 
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curves,  these  moulds  would  be  made  of  ^in.  or  fin.  or  lin.  deal  or  elm, 
according  to  the  size  of  the  boat;  any  odd  pieces  of  stuff  will  do,  and 
there  can  be  as  many  joints  in  a  mould  as  may  be  found  convenient 
(see  Fig.  204).  The  cross  piece  A  should  be  stout  enough  to  keep  the 
mould  rigid.  The  diagonal  braces  D  need  not  be  used  if  the  mould  can 
be  made  rigid  without  them  ;  in  such  case  the  joints  in  the  monld 
should  be  secured  by  a  doubling  piece.  The  bar  W.L.  represents  the 
load  water-line.  B  is  the  part  that  fits  on  the  keel  and  represents  the 
*']og"  in  the  floor-timber.  The  cross  piece  here  should  be  securely 
attached  and  fixed  so  that  the  jog  is  of  the  proper  depth.  A  nail  on 
each  side  of  the  mould,  or  a  couple  of  pieces  of  wood  nailed  to  the  keel, 
will  keep  the  mould  in  position  on  the  keel. 

The  outer  edges  of  the  mould  must  be  planed  up  to  fit   the  curve  of 
the  section  as  drawn  on  the  mould  loft.     When  floors  or  timbers  have  to 


MOULD 


be  sawn  out,  the  mould  is  laid  over  the  timber  and  its  shape  marked 
(see  Fig.  175). 

The  stem  and  stempost  are  tenoned  into  mortices  in  the  keel ;  but  if 
the  keel  be  not  thick  enough  to  take  a  tenon,  the  keel  and  stem,  and  keel 
and  sternpost  are  box-scarphed  together  by  halves ;  that  is,  half  the  thick- 
ness of  each  is  cut  away. 

The  load  water-line  is  made  the  base  line,  and  therefore  everything 
must  be  plumb  to  that. 

Having  got  the  stem,  sternpost,  and  keel  shaped  and  put  together, 
proceed  to  fix  them  to  the  stocks.  [A  deal  firmly  fixed  edgeways  at  a 
convenient  distance  from  the  floor — ^high  enough  to  enable  the  builder  to 
drive  the  nail  up  through  the  bottom  of  the  boat — will  make  the  stocks.] 
A  straight  edge  or  line  must  be  fitted  from  stem  to  stem  post  to  represent 
the  load  water-line  as  shown  on  the  Sheer  Plan.     (See  Fig.  201.) 

Also  a  stout  bar  of  wood  must  be  nailed  to  stem-head  and  stem  post- 
head,  above  the  one  marking  the  L.W.L.,  to  firmly  connect  the  two;  this 
bar  will  be  found  useful  for  nailing  the  mould  stays  to. 

In  fixing  the  keel  stem  and  stern  post  frame  on  the  stocks  it  must  be 


Boat  Building.  483 


wedged-up  forward  until  the  line  or  straight  edge  representing  the  load 
water-line  is  perfectly  level  or  horizontal.  A  spirit  level  or  plumb  level 
can  be  used  for  this  adjustment. 

Fit  the  dead  wood  knee  aft^  and  the  stem  knee  or  apron  forward.  Bore 
the  holes  for  the  through  bolts  with  a  long  augur  or  gimlet.  The  heads  of  the 
bolts  will  be  inside,  and  clenched  outside  over  a  ring.     (See  Fig.  205.) 

Next  the  transom  must  be  cut  out  from  a  mould  and  let  into  the 
stern  post  and  through  bolted,  as  shown  in  Fig.  205.  The  edges  of 
the  transom  will  require  to  be  bevelled  to  suit  the  fore-and-aft  curve  of 
the  boat. 

When  the  keel,  stem  and  stem  posts  are  on  the  stocks  and  in  position 
(the  stem  and  stern  post  must  be  plumbed  to  see  that  they  neither  cant  to 
port  nor  starboard),  they  must  be  secured  by  stays;  the  stays  will  be  bars 
of  wood  and  reach  from  the  stem-head  and  head  of  stem  post  to  the  floor 
or  rafters  of  the  building  shed,  and  they  must  be  securely  nailed.  The 
keel  can  be  kept  in  its  position  by  similar  stays  ;  or  if  the  keel  be  quite 
straight  on  its  underside  it  can  be  kept  in  its  position  by  thumb  cleats 
nailed  to  the  deal  forming  the  stocks. 

The  lower  edge  and  upper  edge  of  the  rabbet  in  the  keel,  stem, 
and  stem  dead  woods  must  be  next  set  off,  and  cut  out  with  a  chisel. 
The  aft  dead  wood  will  probably  require  some  adzing  away  back  to 
the  rabbet. 

The  moulds  must  be  next  put  into  their  proper  places.  Care  must  be 
taken  that  they  are  "  square  "  to  the  keel  (i.e.,  cross  it  at  right  angles) 
that  they  are  plumb  (perpendicular)  to  the  load  water-line,  and  that  the 
bar  W.L,  (Fig.  204)  is  at  the  level  of  the  line  stretched  between  stem  and 
stem  post  to  represent  the  load  water-line.  The  moulds  must  be  kept  in 
position  by  wood  stays  and  ribbands  formed  by  battens  of  fir.  These 
ribbands  can  be  let  in  flush  with  the  outside  edges  of  the  moulds.  They 
need  not  then  be  removed  until  the  whole  of  the  planking  is  complete  and 
the  timbers  steamed  in.     This  will  be  a  great  advantage  for  carvel  build. 

If  the  boat  is  to  have  a  counter  the  rudder  trunk  will  be  constructed 
as  explained  on  page  459. 

In  the  case  of  clincher  work  the  full  width  of  the  strakes  (including 
the  overlap  of  the  lands)  will  be  in  the  widest  part  about  from  4in  to  5in. 
Measure  the  half-girth  of  the  midship  mould  (Fig.  204)  from  B  to  B  by 
passing  a  tape  or  line  round  the  outside  curved  edge.  Divide  this  length 
into  a  number  of  equal  intervals  to  represent  the  breadth  of  the  strakes,  as 
a  a,  &c.  (see  Fig.  204).  Allowance  must  be  made  for  about  fin.  overlap  of 
each  plank  which  forms  the  lands.  Count  the  number  of  intervals  or 
strakes  of  plank,  and  set  off  the  same  number  in  equal  intervals  on  the 
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rabbet  of  the  stem  (see  x  x,  Fig.  206)  and  on  the  transom.  These  intervals 
will  be  much  closer  together  than  on  the  moulds,  and  will  therefore  show 
that  the  plank  must  taper  towards  the  ends.  The  same  number  of  intervals 
can  also  be  set  off  on  the  intermediate  moulds. 

The  garboard  strake  will  be  first  fitted.  This  will  be  a  strake  quite 
straight  on  its  upper  edge  before  it  is  bent  round  the  moulds  from  stem  to 
stem  post.  The  under  edge  will  be  cut  to  fit  the  rabbet  in  keel,  and  stem, 
and  dead  wood  aft.  When  this  plank  has  been  fitted  into  the  garboard 
and  nailed  at  intervals  of  two  or  three  inches  to  the  keel,  the  next  plank 
must  be  fitted.  Take  the  board  (out  of  which  the  plank  is  to  be  sawn)  and 
hold  it  along  as  closely  as  possible  outside  the  upper  edge  of  the  gar- 
board strake.  Mark  a  line  along  it  to  correspond  with  the  top  edge  of  the 
garboard.  Remove  the  board  and  it  will  be  found  that  the  line  is  more  or  less 
curved.  Saw  down  this  curved  line.  Then  fit  the  board  to  the  garboard 
again,  making  it  overlap  (by  its  curved  edge)  the  garboard  by  about  J  of 
an  inch.     Now  mark  by  making  spots  on  the  upper  edge  of  the  board  the 
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Fio.  206. 
next  interval  on  the  moulds,  representing  the  breadth  of  the  plank  (see  a  a, 
Fig.  204)  for  each  mould,  including  stem  and  dead  wood  or  transom  aft. 
Bemove  the  board  and  run  a  line  in  through  the  spots  representing  the 
intersections  a  a  on  the  moulds  (Fig.  204)  ;  this  will  show  the  shape,  or 
the  curve  of  the  upper  edge,  and  the  curve  of  the  lower  edge  of  the  next 
strake.  The  curve  of  the  plank  may  be  irregular,  and  the  greatest  curvature 
will  be  found  as  the  bilge  is  reached.  It  is  not  absolutely  necessary  that 
the  plank  should  accord  with  the  spots  a  a  at  every  mould,  as  the  intervals 
are  more  as  a  guide  to  get  the  curve  of  the  strake  than  to  show  the  shape 
of  the  curve  arbitrarily. 

When  the  strake  has  been  cut  out  it  will  be  planed  and  bevelled,  and 
then  fitted  to  overlap  the  garboard ;  whilst  it  is  being  nailed  it  will  be 
held  in  position  by  a  number  of  clamps  (at  intervals  of  two  or  three  feet). 

The  clamps  are  made  of  two  pieces  of  hard  wood  loosely  connected  by 
a  screw  bolt  (see  Fig.  207)  and  has  a  wedge.  The  bolt  must  be  allowed 
plenty  of  play,  so  that  when  the  clamp  grips  the  strakes  it  can  be  wedged 
up  tightly  as  shown. 
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The  plank  will  be  nailed  together  at  intervals  of  3  inches.  The  nails 
will  be  of  copper,  and  will  be  rooved  and  clinched  inside.  At  the  stem 
and  transom,  the  upper  part  of  each  strake  is  thinned  away  in  order  that 
the  hood  ends  may  fit  into  the  rabbet  flush. 


Fia.  208. 


To  get  the  strakes  round  the  bilge  in  a  fair  curve  the  upper  outer  edge 
of  each  strake  is  bevelled  off,  and  sometimes  the  inner  lower  edge  of  the 
overlapping  strake  is  also  bevelled. 

Holes  should  be  bored  for  the  copper  nails  by  a  sharp  bradawl  a  little 
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smaller  than  the  nails.  The  roove  or  ring  having  been  put  over  the  nail, 
the  latter  will  be  cut  off  by  a  pair  of  nippers,  leaving  about  -^  of  an  inch 
projecting  above  the  roove.  A  ''  holder-on ''  will  be  held  to  the  head  of 
the  nail  outside  the  boat,  and  the  nail  will  then  be  clinched  down  over  the 
roove  inside  the  boat. 

•  Fig.  208  shows  a  section  of  a  Clyde  clincher-built  boat  for  racing, 
kn^wn  as  lugsail  boats,  and  fitted  with  a  ledge  for  shifting  ballast, 
pump,  inside  kelson,  &c. 

The  boat  being  planked  up  to  the  top  strake,  the  floors  and  tim- 
bers must  be  put  in.  If  the  boat  is  a  large  one  the  floors  will  be  sawn 
out  of  timber  of  a  suitable  size  and  jogged  (see  Fig,  209)  to  take  the 
lands  of  the  plank;  but  jogs  are  objectionable  as  they  weaken  the 
floors,  and  extra  moulded  depth  should  be  given  accordingly.  The  floors 
should  extend  across  the  keel  and  into  the  turn  of  the  bilge ;  they  will  be 
fastened  through  the  keel  with  a  Muntz-metal,  or  copper,  or  galvanised 
iron  bolt,  and,  if  thought  necessary,  clenched  on  a  ring.  A  copper  nail 
will  be  driven  through  the  plank  (where  two  strakes  overlap),  and  be 
clenched  on  the  top  of  the  floor ;  frequently  rooves  are  not  used  for  these 
fastenings.     A  fastening  is  put  through  every  overlap. 

The  timbers  should  be  sawn  out  of  a  straight-grained  piece  of 
American  elm,  but  sometimes  English  oak  or  ash  is  used ;  oak  is  generally 
preferred  for  the  floors,  and  American  elm  for  the  timbers. 

The  timbers,  having  been  sawn  out,  must  be  planed  up,  and  will  then 
require  steaming  to  get  them  into  their  places.  The  timbers  should 
extend  from  one  gunwale  across  the  keel  to  the  other  gunwale,  but 
frequently,  where  stout  floors  are  inserted,  the  timbers  are  not  worked 
across  the  keel,  and  do  not  reach  within  6in.  of  the  keel;  in  such  cases 
the  timbers  are  in  "  halves." 

A  steam  chest  or  kiln  will  have  to  be  constructed  (see  Fig.  210).  In 
length  it  should  be  a  foot  or  so  longer  than  the  longest  timber,  and  be  a 
foot  deep  and  a  foot  broad.  It  should  be  made  of  l^in.  deal.  The  end, 
a,  is  a  door.  Inside  on  the  bottom  should  be  nailed  three  or  four  cross  pieces 
of  wood,  2in.  deep,  for  the  timbers  to  rest  upon,  forming  a  kind  of  ruck. 

Steam  can  be  generated  in  a  common  three-legged  pot  set  up  on 
bricks  (see  k).  The  pot  should  contain  three  or  four  gallons  of  water. 
The  cover  will  be  made  of  wood,  cemented  round  with  clay  or  mortar,  n 
is  a  steampipe  (made  of  inch  deal,  inside  size  S^in.  by  S^in) ;  ^  is  a  plug 
for  the  water  supply.  To  make  steam  for  a  chest  to  take  long  planks  a 
larger  boiler  would  be  required,  and  a  good  contrivance  is  to  rivet  two 
galvanised  iron  '^  coppers  "  together  by  their  rims,  the  top  one  of  course 
being  upside  down,  and  thus  forming  a  dome,  with  steam  pipe  p.  (See 
Fig.  211.) 
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The  door,  a,  in  the  steam  chest  should  fit  inside  the  steam  chest,  and 
fillets  of  inch  deal  must  be  nailed  inside  for  the  door  to  rest  against. 
Before  putting  the  door  in  its  place,  clay  or  mortar  should  be  smeared 
round  the  fillets  to  keep  the  door  from  leaking.  The  door  need  not  be 
hinged,  but  can  be  kept  in  its  place  by  a  cross-bar  of  wood  working 
through  two  staples  driven  into  the  ends  of  the  chest. 

The  timbers  will  require  steaming  three  or  four  hours  before  they  are 
sufficiently  pliable.  They  must  be  taken  from  the  steam  chest  and  fitted 
into  the  boat  one  by  one;  the  first  fastening  to  put  in  will  be  the  one 
through  or  in  the  keel  (a  Muntz-metal  dump  is  best  for  this) .  Press  with 
the  foot  or  hands  the  timber  into  the  bilge,  and  put  a  fastening  through  it 
here  (from  the  outside) .     The  stations  for  the  timbers  should  be  previously 
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marked  across  each  plank  strake,  and  the  holes  through  the  overlaps  should 
be  bored  before  putting  the  timber  in. 

Jf  the  timber  has  to  be  jogged  to  receive  the  inside  edges  of  each 
strake  (see  Fig.  209),  the  fastenings  must  not  be  clinched,  as  the  timber 
will  have  to  be  removed  for  the  jog  to  be  cut.  The  timbers,  however, 
should  not  be  removed  until  they  are  perfectly  cool  and  rigid ;  they  should 
be  allowed  to  stay  in  the  boat  a  day  and  night  before  removing. 

The  gunwale  must  now  be  fitted  (this  is  more  properly  termed  the 
"  in-wale,''  as  it  is  the  piece  of  timber  which  is  fitted  inside  the  top  strake ; 
it  answers  the  purpose  of  the  ''clamp''  used  in  larger  boats).  Having 
decided  upon  the  size  of  the  wale — ^its  depth  and  thickness — ^it  must  be 
fitted.  In  the  first  place,  the  timber  heads  are  cut  down  inside  the  top 
strake  to  the  depth  of  the  wale  [one  plan  is  not  to  cut  the  timbers  so  low 
as  this  by  half  an  inch,  and  to  make  a  jog  in  the  wale  to  receive  the  head 
of  each  timber;  when  this  is  done,  however,  the  wale  or  clamp  should  be 
somewhat  stouter,  as  it  will  be  weakened  by  the  jog] .  Usually  the  wale 
is  flush  with  the  top  strake;  but  a  better  plan  is  to  cub  a  rabbet  in  the 
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wale  to  fit  over  the  top  strake.  A  nail  is  put  through  the  top  strake  and 
wale  (from  the  outside),  and  rooved;  or  clinched  without  a  roove,  inside. 
A  nail  is  pub  through  about  eviery  4, 5,  or  6  inches.  Forward,  the  wale,  top 
strake,  stem,  and  apron  are  kept  together  by  a  breast  hook  or  >  shaped 
knee  (see  sketch  A,  Fig.  205).  Aft,  the  wale  and  top  strake  are 
secured  to  the  transom  by  a  knee  (see  m,  Half -Breadth  Plan,  Fig.  205). 
The  thwarts  will  rest  on  the  stringers  (which  are  fastened  through  timbers 
and  plank),  as  shown  by  a  a  and  h  b,  Sheer  Plan.  Fig.  205.  The 
thwarts  are  secured  by  oak  knees.  The  knee  is  fastened  through  and  out 
the  wale  and  top  strake,  and  with  a  long  fastening  through  the  overlap 
of  strakes,  and  clenched  with  ring  on  the  knee;  there  will  also  be  fastenings 
through  the  thwart  and  knee. 

In  buying  copper  nails  care  must  be  taken  that  "land  nails"  are 
obtained  for  the  plank  fastenings,  and  "timber  nails"  for  the  timber 
fastenings.     The  rooves  must  match  the  nails.     A  rooving  iron  (which  is 
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simply  a  kind  of  punch  with  a  hole  in  its  end)  will  be  required  to  drive  the 
rooves  on  whilst  a  hammer  is  held  to  the  head  of  the  nail.  The  sizes  of 
the  plank  nails  will  depend  upon  the  double  thickness  of  the  plank  ;  about 
one-sixth  of  the  double  thickness  should  be  added  to  the  length  of  the  nails 
for  rooving  and  clenching. 

If  the  boat  is  to  be  decked,  a  clamp  or  kind  of  shelf  must  be  fitted 
to  the  timbers,  and  thoroughly  fastened  at  each  timber.  The  clamp  will  be 
fitted  low  enough  for  the  beams  to  come  flush  with  the  top  strake.  The 
beams  will  be  arched  as  required,  and  fastened  through  the  shelf.  The  top 
strake  should  be  of  sufficient  thickness  to  take  the  fastenings  of  the 
covering  board.  The  covering  board  should  be  of  hard  wood,  such  as  oak, 
and  must  be  cut  to  fit  the  curve  of  the  deck  as  shown  in  the  half -breadth  plan. 

The  deck  plank  will  be  nailed  to  the  beams  by  galvanised  nails ;  not 
through  the  plank  from  the  top  downwards,  but  diagonally  through  the  side 
edges  of  the  plank  into  the  beams. 

The  under  edges  of  the  plank  will  meet  closely  on  the  beams;  but  the 
upper  edges  will  "gape,"  as  shown,  in  an  exaggerated  way,  by  a  a, 
Fig.  212  ;  this  is  for  the  caulking.  An  eighth  of  an  inch  or  less  will  give  a 
wide  enough  seam.  The  oakum  or  cotton  thread  (a  couple  of  threads  will  be 
enough  for  each  plank)  must  be  driven  in  tightly  by  the  caulking  chisel, 
and  then  payed  with  marine  glue  or  stopped  with  putty.  Generally  the 
arch   of  the  beams  will  give  the  seam  opening  enough,  as  at  a  a ;  but 
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if  the  deck  is  quite  flat,  the  plank  should  be  bevelled  to  the  extent 
of  a  shaving.  The  seam  round  the  covering  board  should  be  caulked 
and  payed  with  extra  care.  In  case  of  match  board  decks,  painted  canvas 
is  often  laid  over  them.  The  deck  is  coated  with  thick  paint,  and  the 
canvas  stretched  over  it.  The  manner  of  fixing  the  canvas  is  shown  on 
Plate  XXVII.  2. 

A  hanging  beam  should  be  fitted  on  each  side  under  the  beam  abreast 
of  the  mast  or  rigging.  If  the  boat  is  wholly  decked,  three  pairs  of 
such  hanging  knees  should  be  fitted. 

If  the  boat  is  half  decked,  waterways  should  be  fitted.  Short  beams  will 
be  worked  for  these,  and  their  inner  ends  will  be  butted  into  a  fore-and-aft 
beam  termed  a  carline,  which  fore-and-aft  piece  will  in  turn  be  butted  into 
the  full  beams  at  either  end.  Two  or  three  pairs  of  hanging  knees  (made 
of  oak)  will  support  the  waterways. 

Fig.  205  shows  a  design  for  a  centre-board  gig  which  has  been 
largely  built  from.  The  boats  proved  to  be  fast  sailers,  and  very  light 
to  row.  The  drawing  is  made  to  half-inch  scale ;  but,  as  it  is  rather  small 
to  work  from,  the  following  tables  can  be  referred  to  in  laying  off. 

The  references  to  the  body  plan  (Fig.  213)  are  as  under  :  w  is  the  load 
water-line  (L.W.L.) ;  a  a  1  and  a  a2 ;  b  b  1  and  b  b  2  ;  c  c  1  and  c  c  2  are 
"  diagonals ;  '^  o  is  the  middle  vertical  line,  from  which  all  distances  are 
measured ;  p  p  are  perpendiculars  denoting  the  extreme  breadth ;  m  m  h 
a  kind  of  base  line  lOin.  below  the  load  water-line,  and  parallel  thereto; 
a;  is  a  water-line. 

The  numerals  1,  2,  3,  4,  &c.,  denote  the  respective  sections  or  timbers 
and  their  stations  in  the  sheer  plan  and  half-breadth  plan.  No.  9  is  the 
^'  transom,^'  and  of  course  will  be  a  solid  piece  of  wood,  and  not  a  "  frame.'' 

LAYING    OFF   TABLE. 


No8.  of  Sections. 


Sheer  Plan  and  Half-breadth  Plan. 

Heights  above  L.W.L.  to  top 
of  gtmwale   

Depths  below  load  vvater-Iine 
to  top  of  keel  

Depth  of  keel 

Half  breadths  at  gunwale  .... 

Half  breadths  at  L.W.L 

Body  Plan. 

Diagonal  a    

„         b    

»         c    


ft.    In.    ft    In. 


1  lOi    1 


ft    In.    ft    In.    ft.    in.    ft.    in.    ft    in.  ft     in.    ft    in. 


2  0  8i 
S  0  3i 
7  1  6i 
2|!0  llf 


9i    1 
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I  ! 

8i !  1     7f    1     6i    1     5i ,  1     5|  1     6      1    6| 


3J   0  lOi 
61    1     6 
9      1  11 


I 
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2     2      2  7 

1  8i   2  3 


0  5i ; 0  5f 

0  4    jo  4 

2  9    12  8^ 

2  5^ !  2  5i 


0  5^  0  5i*,0 

0  4     0  4^ 

2  6     2  1 

2  0^  1  3i 


5 
4 
5i 
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1  2i    1     4^    1     6^    1     6i    1     4i  0  Hi     0    3 
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•  Depth  to  top  of  dead  wood,  3 Jin. 


Framing:  Scantlings  for  a  Boat. 
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The  distance  a  (Fig.  213),  above  the  load  water-line  w,  is  3iin. 
measured  on  the  vertical  line  o.  The  distances  a  1  and  a  2  from  the 
vertical  line  o,  measured  along  the  horizontal  line  m  are  2ft.  3^in. 

The  distance  b,  above  the  load  water-line  (to),  is  1ft.;  b  cuts  the 
perpendicular  p  at  b  1  and  b  2,  2in.  below  the  load  water-line  u\ 

The  distance  c,  above  the  load  water-line  w,  is  2ft.  2in.;  and  c  cuts  the 
perpendicular  p  at  c  1  and  c  2,  3f  in.  above  the  load  water-line  w. 

a;  is  a  water-line  struck  3in.  below  w,  but  will  be  of  no  assistance  in 
laying  off,  as  it  does  not  intersect  the  frames  sufficiently  at  right  angles. 

All  the  half-breadths,  and  the  distances  measured  from  the  middle 
vertical  line  o  along  the  diagonals  to  the  various  sections  (as  given  io  the 
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tables),  are  without  the  plank ;  so  in  laying  off  no  allowance  will  have  to  be 
made  for  the  thickness  of  the  plank. 

The  length  of  the  boat  is  17ft.,  and  the  breadth  5ft.  6in.,  and  the 
extreme  breadth,  with  the  plank  on,  5ft.  7^in.  Weight  of  displacement  of 
boat  to  L.W.L.  about  12cwt. 

The  sections  1,  2,  3,  4,  &c.,  are  2ft.  apart,  and  No.  1  is  1ft.  from  the 
fore  side  of  the  stem  at  the  L.W.L. 

The  frames  actually  will  only  be  1ft.  apart;  but  every  other  one  is 
left  out  in  the  Body  Plan. 

The  scantling  of  the  boat  will  be  as  follows:  Keel,  sided  (thick) 
amidships  4^in.,  tapered  gradually  to  2^in.  forward,  and  3^in.  aft.  The 
moulded'depth  of  the  keel  will  be  found  in  the  table. 
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Stem,  2iin.  sided  ;  44in.  moulded  (i.e,  its  fore  and  aft  thickness)  at 
head,  and  d^in.  at  knee  scarph. 

Sternpost,  Sin.  sided  and  moulded  at  heel ;  2in.  moulded  at  head. 

Floors,  fio.  sided  and  2in.  moulded  (deep)  at  heels,  gradually  tapering 
to  fin.  at  heads.  The  floors  will  be  fitted  across  the  keel  by  4in.  joggles. 
Timbers  at  the  sides  and  above  floors,  fin.  square. 

Plank,  iin.  thick.     Gunwales,  lin.  thick,  IJin,  deep. 

Stringers  (lettered  a  in  the  Sheer  Plan)  lin.  square,  fastened  through 
timber  and  plank.     Seats  and  rowlocks  as  at  &  &  c  c. 

The  centre-board  or  plate  will  be  5ft.  4in.  long,  pinned  or  pivoted  in 
the  keel  below  the  garboard  strakes,  as  shown  in  the  Sheer  Plan  and  Half- 
breadth  Plan  (Fig.  205)  at  d,  5ft.  9in,  from  fore  side  of  the  stem  at 
L.W.L.  The  slot  in  the  keel  to  admit  the  plate  will  be  5ft.  7in.  long  by  fin. 
in  width.  The  floors  where  this  slot  comes  will  have  to  be  cut  through. 
The  heels  of  these  floors  will  be  fitted  with  Jin.  joggles,  and  let  in  to  the 
under  side  of  the  centre-plate  case,  as  shown  at  k  h  k  k  k  k  in  the  Sheer 
Plan.  One  4in.  copper  nail  through  each  heel  (outside  the  centre-plate 
case)  will  be  sufficient  to  fasten  these  floors  to  the  keel.  (The  case  must 
be  very  carefully  fitted  to  the  shape  of  the  keel,  and  luted  with  white 
lead.)  The  centre-plate  case  will  be  fastened  through  the  keel  by  long 
galvanised  iron  (Jin.)  bolts.  The  case  will  be  made  of  inch  pine  ;  the 
plates  of  fin.  iron. 

The  lands  of  a  boat  very  much  increase  the  resistance,  and  if  the  boat 
is  intended  for  racing,  she  should  be  either  carvel  built  and  caulked,  ribband 
carvel,  or  double  skinned.  The  "double  skin"  plan  is  as  follows  :  When 
the  stem  and  stern  posts  have  been  set  up  and  fastened  off,  and  the  building 
moulds  carefully  and  strongly  fixed  in  position,  and  firmly  battened  round 
at  their  heads  by  a  kind  of  temporary  gunwale,  and  the  centre-board 
case  or  cases  fitted  and  fixed,  this  framework  is  turned  upside  down, 
and  again  fixed  in  position.  Thin,  well-steamed  planks  of  cedar,  about 
"  wager  boat "  thickness,  are  tacked  in  position  edge  to  edge,  over  the 
moulds,  as  if  for  carvel-planking  ;  over  this  is  then  laid,  plank  by  plank, 
a  somewhat  thicker  skin  of  steamed  cedar,  the  edges  of  which  come 
over  the  centres  of  the  planks  of  the  inner  skin.  The  two  skins  are 
then  fastened  off  as  if  one,  along  the  rabbet  line,  with  brass  screws  ;  the 
edges  of  the  outer  skin  are  then  pierced  along  and  copper  nailed  as  in 
ordinary  building.  The  craft  is  then  turned  up  and  the  nails  are  clenched 
off  on  the  inside.  It  will  also  be  found  necessary  on  some  strakes  to 
nail  along  the  inner  skin  edges  also.  In  such  case  the  holes  will  be  bored 
from  inside  and  nails  driven  from  outside.  Very  few  timbers  will  be 
needed,  and  the  double  skin  will  be  found  to  possess  great  strength.    A 
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good  coat  of  varnish  or  strips  of  varnished  calico  between  the  skins  would 
no  doubt  add  greatly  to  the  strength  and  water  tightness  of  the  structure. 

In  the  ribband-carvel  build  (see  Fig.  214),  the  planks  of,  say,  fin.  to 
iin,  stuff,  are  tacked  on  to  the  building  moulds  edge  to  edge.  Ribbands 
of  cleaned-grained  oak,  about  Hin.  wide  and  Jin.  or  fin.  thick,  are  laid 
along  on  the  inside  of  the  joints  of  the  plank  between  the  timbers 
which  are  placed  in  the  vertical  positions  shown  in  the  sheer  plan ;  the 
edges  of  the  planks  are  then  pierced  and  nailed  through  the  ribbands, 
and  clenched  on  the  inside,  or  they  may  be  screwed  into  the  ribbands. 
A  stronger  plan  is  to  work  a   fin.  ribband  in  whole   lengths,  cutting  out 
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notches  in  the  backs  of  the  timbers  and  moulds  to  take  each  ribband.  In 
all  cases  a  strip  of  varnished  linen  should  be  laid  over  the  joints  of  the 
plank  before  the  batten  is  fitted,  and  the  linen  should  be  continuous 
from  end  to  end.  The  timbers  are  about  ^in.  sided  by  fin  moulded. 
No  doubt  this  mode,  and  that  of  the  double  skin,  give  a  very  fine  outer 
surface  ;  but  the  number  of  nails  required  is  nearly  double  that  employed 
in  a  clincher-built  boat. 

The  garboard  plank  will  be  Gin.  or  Sin.  wide  at  the  broadest  part, 
and  the  other  planks  will  be  as  broad  as  the  shape  of  the  boat  will  admit 
of  being  worked,  and  will  of  course  vary  in  breadth  and  shape. 

The  i-raters  which  are  at  present  (1897)  being  built  are  planked  with 
4in.  cedar  (sawn),  which,  when  planed  up,  gives  a  thickness  of  yV^- 
The  timbers  are  single,  of  American  elm,  fin.  sided,  and  fin.  to  ^in. 
moulded,  and  regularly  spaced  centre  to  centre  6in.  The  edges  of  the 
plank  fit  closely,  and  are  caulked  and  stopped.  The  lead,  or  fin  bulb 
keels,  weigh  about  9cwt. 

FITTINGS  AND  IRONWORK. 

The  mode  of  constructing  the  skylights,  compauion,  hatches,  &c.,  will 
be  found  in  detail  on  Plates  XXVI.,  &c.  The  most  approved  way 
of  fitting  these  when  the  deck  is  If  in.  thick,  or  more  than  Ifin.,  is  to  let 
them  in  to  the  deck  plank  about  fin.  or  Jin.  deep,  with  a  luting  of  white 
lead  on  the  bottom  edges,  and  caulking  and  paying  round  the  top  of  deck. 
The  other  plan  is  to  fit  the  skylights,  &c.,  close  down  on  the  beams  and 
carlines.  But  the  former  plan  is  thought  to  give  least  trouble  in  the  way 
of  leaking  should  the  beams  work  a  little^ 

The  fitting  of  cavels,  cleats,  belaying  pins,  bitts,  capstan,  &c.,  will  be 
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found    on    Plates    XV.,    XVII.,    XVIII.  4,   &c.     Internal  fittings  are 
■delineated  on  Plates  XVIII.  5,  &c.  ^'§gfyi- 
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Fi<*.  217.  Fig.  218,  Fio.  219. 

The  ironwork  about  the  deck  and  on  the  spars  will  be  found  on 
Plates  referred  to  above.  All  the  eye  bolts  in  the  deck  for  fore  sheet, 
bowsprit  shrouds,  jib  halyard  t,  &c.,  should  go  through  a  beam  and  be 
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set  up  with  a  nut  and  washer  underneath,  and  square  plate  on  deck. 
Sometimes  the  eye  bolts,  Ac,  have  been  screwed  only  into  the  deck  and 
beam ;  but  this  is  a  most  unsafe  plan,  and  the  bolts  are  almost  certain  to 
draw.     All  iron  work  should  be  galvanised. 


Fia.  220. 

The  bowsprit  shroud  bolts  and  trysail  sheet  bolts  are  usually  similar  in 
form  and  size,  and  have  a  "toe  "  as  shown  by  Pig.  215. 

If  a  beam  does  not  come  in  the  right  place  to  take  the  bolts  a  chock 
should  be  worked  underneath ;  and  for  bowsprit  shrouds  it  is  safer  to  work 
a  piece  of  teak  instead  of  the  deck  plank,  as  yellow  pine  has  been  known 
to  crush  through  by  the  strain  brought  on  the  bowsprit  shrouds. 


Pio.  221. 

Fig.  216  shows  fore-sheet  bolt;  two  forms  of  bolts  are  used  about  the 
deck,  as  for  foresheet,  &c. 

Fig.  217,  jib  chain  halyard  hook ;  Figs.  218  and  219,  jib  chain  halyard 
cross. 

The  parts  of  the  main  halyard  and  peak  halyard  bolts  which  go 
through  the  mast  taper  somewhat,  and  are  set  up  by  a  nut  on  a  washer. 
On  the  front  side  there  is  a  plate,  and  the  eye  of  the  bolt  is  sunk  well  in 
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the  mast^  the  slot  in  the  plate  being  oblong  for  the  purpose,  as  shown  by 
Pig.  220. 

Fig.  221  shows  bolts  round  the  mast  and  in  the  channel. 

The  fair  leads  on  masthead  for  jib  halyards,  it  will  be  seen  by 
Pig.  221,  screw  in,  as  no  great  strain  comes  on  them. 

The  fittings  of  the  outer  end  of  the  boom  are  shown  on  Plate  XXXII. 
Formerly  the  traveller  was  a  leather  bound  iron  ring  and  outhaul;  then 


Fig.  22S. 

came  the  horse,  as  shown  in  the  Plate ;  but  since  1886  a  slide  has  been 
adopted,  as  shown  by  Pig.  222.  This  slide,  it  will  be  observed,  carries 
the  clew  of  the  main  sail  to  the  extreme  boom  end,  a  matter  of  importance 
for  racing  yachts.  The  inner  end  fittings  and  mast  hoop  of  the  main  boom 
are  shown  on  Plate  XXXIII.,  and  were  taken  from  the  original  drawings  for 
the  JuUanar's  ironwork.  The  spinnaker  boom  gooseneck,  it  will  be  seen, 
has  a  universal  joint,  and  the  boom  ships  and  unships  on  the  gooseneck,  as 
shown  by  the  dotted  lines.     It  is,  however,  more  usual  to  have  a  socket  in 


Fig.  224. 

the  mast  hoop  or  gipsy  winch  band  for  the  spinnaker  boom  gooseneck,  as 
shown  by  Pigs.  223  and  224. 

The  boom  gooseneck  and  universal  joint  shown  by  Pig.  228  form  the 
plan  usually  followed  in  small  yachts ;  also  the  spinnaker  boom  gooseneck 
and  joint.  Sometimes,  instead  of  a  gooseneck,  an  iron  socket  is  used, 
into  which  the  end  of  spinnaker  boom  is  shipped.  In  large  vessels  there 
is  another  mast  band  to  take  the  gipsy  winch  ;  also  the  band  is  fitted  with 
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eyes  to  take  belaying  pins^  hence  it  is  called  a  spider  band.  In 
Fig.  224  the  belaying  pins  are  shown  round  the  mast^  also  on  deck^  and 
under  the  bulwarks. 

The  jaws  of  a  gaff  are  now  generally  made  of  iron  of  various  patterns. 
A  common  plan  is  shown  by  Pig.  225,  but  occasionally  wooden  jaws  are 
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Fio.  227. 

still  met  with.  A  represents  a  pair  of  eye-plates  or  lugs,  to  take  the 
throat  cringle  or  nock  of  the  mainsail,  a  bolt  going  through  all  and 
set  up  with  a  nut.  B  is  the  throat  halyard  band;  but  it  is  quite  as 
usual  to  have  a  slot  in  the  gaff  and  a  bolt  through  it,  on  which  a  long 
shackle  works.  However,  in  most  racing  vessels  the  plan  shown  is 
adopted,  but  the   band  is  not  always  fitted  in   the  oblique  way    shown 
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at  B.  One  plan  is  not  to  bolt  the  arms  of  the  jaws  to  the  gaff,  but  to 
have  a  succession  of  iron  bands  fitted  sqaare  to  the  gaff^  and  not  diagonally, 
like  B.  Tumblers  are  dispensed  with,  D  showing  the  inner  part  of  the 
jaws,  which  are  covered  with  thick  hide.  The  outer  end  of  gaff  explains 
itself. 

In  1876  Mr.  Bentall  adopted  the  "  saddle''  for  gaff  jaws,  as  shown  in 
Plate  XXXIII.  Since  then  Mr.  Aldous,  of  Brightlingsea^  has  simplified  this 
plan,  as  shown  in  Fig.  216.     In  1890  the  saddle  plan  was  further  modified 
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(as  shown  in  Plate  XXXIV.)  by  Mr.  C.  P.  Clayton  for  the  20-rater  Ghost, 
and  manufactured  by  Messrs.  W.  White  and  Sons,  Cowes. 

The  ironwork  at  the  bowsprit  end  is  delineated  in  Fig.  227  for  a 
40-tonner.  The  eyes  to  take  the  bobstay  tackle,  shrouds,  and  topmast 
stay  must  be  very  securely  welded  to  the  cranse  iron.  To  prevent  the 
cranse  iron  working  into  the  wood  an  iron  cross  is  fitted  over  the  bowsprit 
end,  and  its  ends  turned  up  as  shown. 

It  is  obvious  that  the  large  score  which  has  to  be  made  to  take  the 
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sheaye  for  jib  outhaul  and  the  bolt  must  greatly  weaken  the  bowsprit  end; 
and  a  plan  some  time  ago  introduced  for  putting  the  sheave  outside  the 
cranse  iron,  now  generally  adopted  in  small  racing  vessels,  is  shown  by 
Fig.  228,  in  which  it  will  be  seen  the  sheave  for  jib  outhaul  is  outside 
the  cranse  iron. 

The  sheave  D  is  put  a  little  out  of  the  vertical  so  as  to  allow  the 
outhaul  to  pass  clear  of  the  lugs  F  F. 

There  appears  to  be  no  fixed  rule  for  determining  the  size  of  the  iron 
fittings  for  deck  and  spars,  but  the  following  table  has  been  compiled  from 
general  practice : 

TABLE   OP   SIZES  FOB   IBONWOBK   FOB  BA.CING  YACHTS. 
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In  racing  yachts  rigging  screws  are  now 
being  generally  adopted^  and  their  sizes  will 
be  set  forth  in  Table  I.  The  long  sleeve  nut 
has  a  right  and  left  handed  Whitworth  thready 
and  is  usually  made  of  gun-metal.  The  screws 
are  made  of  steel.  The  pattern  of  these  rigging 
screws  is  shown  on  Plate  XXIX.  The  pattern 
for  small  yachts  of  5-rating  and  under  is  shown 
by  Pig.  229.  The  lugs,  A,  takes  a  solid  thimble 
in  eye  splice  of  rigging.  If  screws  are  used  for 
the  bowsprit  shrouds,  they  would  be  of  the  size 
of  those  for  the  main  rigging.  (See  Plate  XYII., 
showing  the  deck  plan  of  a  20-rater.)  For  most 
yachts  a  capstan  is  fitted  on  the  fore  deck 
instead  of  a  windlass,  as  made  by  W.  White  and 
Sons,  of  Cowes,  or  Cantelo,  of  Southampton. 
For  small  vessels  most  of  the  yacht  fitters  make 
a  small  capstan  with  winch  top,  or  a  ratchet 
windlass.  One  of  the  latest  of  the  latter  is  shown 
on  Plate  XXXV.  It  was  planned  by  Mr.  C.  P. 
Clayton  for  the  20-rater  Ghost,  and  made  by 
Messrs.  W.  White  and  Sons,  Cowes. 
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CHAPTER  XVin. 
SPARS. 


A  GREAT  many  rules  have  been  from  time  to  time  devised  for  the  placing 
of  masts  in  yachts^  and  for  regulating  their  lengths ;  bat^  as  there  appears 
to  have  been  an  inability  to  base  these  rules  upon  the  actual  stability  of 
a  vessel^  or  upon  the  sail  area  she  could  effectively  carry,  they  are  little 
better  than  guesswork,  and  a  yacht  is  generally  sparred  upon  what  may  be 
termed  a  principle  of  comparison.  The  designer,  according  to  his  judgment 
and  experience  (which  generally  lead  him  to  a  right,  although  occasionally 
to  a  wrong,  result),  fixes  upon  the  length  of  the  spars  without  any 
reference  to  rules  whatever,  as  he  is  conscious  that  the  rules,  contrived 
on  general  principles,  might  lead  him  astray.  The  result  of  the  chance 
system  is  that  the  masts  very  frequently  have  to  be  reduced  or  increased 
in  length. 

No  doubt  masts  affect  the  stability  of  a  vessel  to  an  enormous  extent, 
and  we  find,  from  the  calculations  made  for  the  Seabelle,  on  page  378, 
that  30  per  cent,  of  her  ballast  as  stowed  goes  to  counteract  the  weight 
of  her  masts  alone.  A  cutter  is  better  off  in  this  respect,  as  she  has 
only  one  mast;  but  even  in  a  cutter  as  much  as  20  per  cent,  of  the 
ballast  is  found  to  be  required  to  balance  the  moment  of  the  mast,  and 
25  per  cent,  of  all  the  spars.  As  masts  so  largely  affect  the  stability 
of  a  vessel,  it  will  perhaps  be  conceded  that  a  little  more  care  and  trouble 
should  be  taken  in  deciding  upon  their  lengths.  The  position  of  a  vessel's 
centre  of  gravity  can  be  approximately  calculated  before  she  is  built,  and 
the  exact  influence  the  mast  will  have  on  that  centre  will  form  a  large  item 
in  the  calculation.  Troublesome  as  the  calculations  may  be,  the  trouble  is 
small  compared  with  what  often  has  to  be  done  when  a  mistake  has  been 
made  in  fitting  a  vessel  with  spars. 

If  the  sail  area  is  predetermined  by  area  of  wetted  surface  or 
displacement  i  (see  page  101,  &c.),  it  would  be  a  simple  matter  to  compare 
the  spars  of  well-known  vessels  with  the  square  roots  of  the  sail  areas  as  a 
guide.  In  practice  it  is  found  that,  as  a  rule,  the  main  boom  is  longer  in 
proportion  to  the  square  root  of  the  area  than  masts,  for  the   obvious 
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object  of  making  the  mast  as  liglit  as  possible  and  keeping  the  centre  of 

effort  low. 

Length  on  Spaes  fob  Schooners. 

An  old  rale  for  schooners  was,  in  the  days  when  yachts  were  abont 
three  beams  to  length,  with  inside  ballast  of  iron  only,  as  follows :  Pore- 
mast,  measured  from  deck  to  hounds,  equal  to  the  breadth  multiplied 
by  2*7,  and  length  of  the  masthead  equal  to  0'18  the  length  of  mast 
from  the  deck  to  the  hounds. 

Mainmast,  equal  to  the  breadth  x  2*85,  with  length  of  masthead  equal 
to  0-18  of  the  length  of  mast  from  deck  to  hounds.  This  rule  still  holds 
fairly  good  for  cruising  vessels,  but  is  insufficient  for  racers.  Thus  the 
Miranda  has  a  mainmast  deck  to  hounds  3*12  her  extreme  beam,  and  she 
is  by  no  means  a  narrow  vessel.  The  length  of  mainmast  deck  to  hounds 
of  a  modem  racing  schooner  is  usually  -y/  mainsail  area  x  '95 ;  and  in  a 
cruising  schooner  0*85.  This,  of  course,  assumes  that  the  figure  of  the 
sail  is  predetermined. 

Main  boom  multiplied  by  0*58  of  the  length  on  the  water-line  for 
cruisers,  and  0*75  for  racers,  and  main  gaff  in  length  from  '57  to  *61  of 
the  length  of  the  boom.  So  far  as  modem  practice  goes,  we  find  that 
the  length  of  main  booms  varies  as  the  square  root  of  the  mainsail 
area  x  0.85  to  0*90.  The  latter  ratio  more  often  obtains  in  cruisers 
because  they  have  less  comparative  hoist. 

Length  of  fore  gaff  equal  to  0'322  of  the  length  on  the  load  water-line ; 
but  generally  the  fore  gaff  is  made  0*8  of  the  distance  the  masts  are  apart. 

Bowsprit  (or  bowsprit  and  jib  boom  taken  together)  outside  the  stem, 
equal  to  breadth  x  1*75.  But  in  almost  all  descriptions  of  rig  the  length 
of  bowsprit  is  governed  by  the  requirements  of  the  centre  of  effort  in 
relation  to  the  centre  of  lateral  resistance,  due  care  always  being  exercised 
so  that  the  bowsprit  is  not  longer  or  heavier  than  necessary. 

Fore  spinnaker  boom  equal  to  the  length  from  foremast  to  bowsprit 
end,  because  fore  spinnaker  was  often  used  as  bowsprit  spinnaker,  and  is 
taxed  if  it  exceeds  that  distance  by  the  rating  rule.  Fully  equipped  racing 
schooners,  carry  three  spinnakers — main,  fore,  and  bowsprit. 

Main  spinnaker  boom  equal  to  length  of  mainmast  deck  to  cap  x  1*2 ; 
but  generally  the  main  spinnaker  boom  is  made  so  that  it  will  just  clear 
under  the  triatic  stay  without  its  being  unshipped  at  the  gooseneck. 

The  length  of  main  topmast  from  fid  to  hounds,  or  to  sheave  hole  for 
topsail  halyards,  *65  of  the  length  of  mainmast  deck  to  hounds;  the 
foretopmast,  *9  of  the  length  of  maintopmast. 

Working  gaff  topsail  yard,  equal  to  the  length  of  the  gaff  over  which 
it  is  set. 
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Length  op  Spaes  fob  Cutters. 

For  cutters,  the  length  of  mast,  deck  to  hounds,  was  formerly  put 
at  three  times  the  greatest  beam ;  but  this  rule  is  never  now  used, 
and  modem  practice  shows  the  proportion  to  be  approximately  as 
y/ mainsail  area  x  '9 ;  bat  in  yachts  of  52ft.  rating  the  height  deck  to 
hounds  is  sometimes  equal  to  ^/mainsail  area  x  •95.  In  yachts  of  42ft. 
rating  and  under  the  height  deck  to  hounds  varies  from  0*9  to  0-95. 
Masthead  0*24  of  the  length  deck  to  hounds. 

Main  boom,  equal  to  L.W.L.  ^/mainsail  area  x  1*1  to  1'15  in  small. 

Main  gaff,  06  to  0-63  of  main  boom.     Trysail  gaff,  "5  main  gafE. 

Angle  of  gaff  with  horizon,  50°  to  55°.*  As  before  said,  this  assumes 
the  figure  of  tbe  sail  to  be  predetermined  according  to  the  present  fashion. 

The  eye  of  the  throat  halyard  bolt  usually  comes  about  *04  the  height 
deck  to  hounds  above  the  underside  of  yoke  =  ^.  The  jaws  of  gaff  about 
'062  {=Yt)  below  the  yoke.  This  allows  ample  drift  between  the  blocks 
so  as  not  to  get  an  unfair  strain  as  the  gaff  goes  off  to  leeward. 

Bowsprit  outside  the  stem,  from  0*25  to  0*4  of  the  length  on  the  load 
water-Une. 

Length  of  bowsprit  housed  is  usually  the  length  outside  x  *4. 

The  topmast  of  cutters  in  length,  from  fid  to  hounds,  was  formerly  '8 
of  the  length  of  the  lower  mast  deck  to  hounds.  In  small  cutters  of  40  tons 
and  under,  the  ratio  was  frequently  '9,  and  occasionally  a  lO-tonner  was 
met  with  the  length  to  topmast  equal  to  length  of  lower  mast. 

These  proportions  have  been  altered  since  1887,  when  the  rating  rule 
by  sail  area  and  length  came  into  operation,  the  length  of  topmast  having 
been  considerably  decreased  in  small  vessels.  Thus  in  a  52ft.  rater  or 
42ft.  rater  the  topmast  is  now  about  '8  of  the  height  deck  to  hounds. 
For  the  masthead  fittings  of  a  52ft.  rater  see  Plate  X.  3  (A) .  For  the 
masthead  fittings  of  a  36ft.  rating  yacht  see  Plate  XXXI. 

Topsail  yards  vary  in  length  a  great  deal,  but  to  some  extent  are 
guided  by  the  length  of  the  gaff  over  which  they  are  set.  Formerly  all 
racing  vessels  carried  a  *'  balloon  topsail,^^  or  a  topsail  with  a  long  head 
yard,  whilst  the  foot  was  extended  beyond  the  gaff  by  a  foot  yard  or  jack 
yard.  The  head  yard  of  a  balloon-topsail  was  from  1*3  to  1'5  the  length 
of  the  gaff  over  which  it  was  set.  The  modem  practice  is  to  have  a  very 
much  shorter  yard  than  this,  and  to  make  the  sail  longer  in  the  luff.     The 

*  Twenty  years  ago  saiLs  were  cut  much  flatter  in  the  head  than  at  present ;  but  a  sail  with 
A  high  peak  appears  to  stand  as  well  as  one  with  a  low  peak,  and  a  mnch  larger  sail  for  the 
same  weight  of  spars  can  be  obtained  by  increasing  the  peak. 
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No.  1,  or  working  topsaU,*  had  a  yard  eqaal  to  the  length  of  the  gaff,  and 
No.  2  topsaU  a  yard  equal  to  -6  of  the  length  of  the  gaff. 

Spinnaker  booms  vary  in  length  from  I'l  to  1*3  the  length  of  lower 
mast  deck  to  hounds^  or  it  may  be  governed  by  the  distance  from  the  mast 
to  the  bowsprit  end,  as  if  it  is  longer  than  that  distance  the  excess  is  taxed 
in  computing  the  area  of  the  fore  triangle  for  head  sail  under  the  Y.R.A. 
rules. 

Lenoth  09  Spars  fob  Yawls  and  Ketches. 

The  mainmast  of  a  yawl  in  length,  deck  to  hounds,  is  about  2*9  times 
her  beam ;  although  racing  yawls  have  sometimes  a  greater  proportionate 
length  of  mast  than  cutters,  the  proportion  being  simply  as  y^mainsail  area. 

The  length  of  main  boom  is  governed  by  the  distance  between  the  main- 
mast and  mizenmast.     The  common  proportion  is  Y/naainsail  area  x  I'l. 

Main  gaff  about  *75  of  the  length  of  main  boom.  The  length  of  the 
mizenmast  of  a  yawl,  from  deck  to  hounds,  is  usually  *7  of  the  length  of 
the  mainmast  deck  to  hounds ;  occasionally,  however,  it  is  no  more  than 
'6  of  the  length  of  mainmast.  The  mizen  is  '5  of  the  length  of  main 
boom.  Mizen  yard  '65  of  the  length  of  main  gaff ;  or,  if  a  gaff  is  used,  as 
is  now  generally  the  case,  '5  the  length  of  main  gaff. 

The  bowsprit  of  a  yawl  is  generally  about  '4  of  the  length  on  the  load 
water-line,  and  rarely  is  as  long  as  the  bowsprit  of  a  cutter  of  similar  size. 
The  first  impression  would  be  that  a  yawl,  owing  to  her  mizen  being 
stepped  so  far  aft,  woald  require  a  longer  bowsprit  than  a  cutter,  but  in 
practice  this  is  not  found  to  be  the  case.  In  fact,  as  a  rule,  a  yawl  carries 
a  very  slack  helm  on  a  wind  in  moderate  breezes,  and  the  reason  is  that 
the  mast  is  usually  stepped  a  little  farther  forward  than  in  a  cutter ;  and, 
besides  this,  the  eddy  wind  from  the  mainsail  strikes  the  fore  cloths  of  the 
mizen  sail  from  to  leeward,  so  that  the  luff  of  the  sail  lifts,  and  this 
unsteadiness  in  turn  disturbs  the  currents  of  air  that  are  approaching 
the  sail  from  to  windward,  the  final  result  being  that  for  close-hauled 
sailing  the  mizeli  is  a  much  less  effective  sail  than  is  generally  supposed. 

The  mainmast  of  a  ketch  in  length,  deck  to  hounds,  is  about  2'7  times 
her  beam,  or  equal  to  v^  mainmast  area,  simply.  The  main  boom  is  usually 
the  length  of  the  distance  between  the  masts  and  the  gaff,  from  *8  to  '9  of 
the  length  of  main  boom.  The  mizenmast,  deck  to  hounds,  from  '8  to  '85 
of  the  mainmast.  The  mizen  beam  is  from  '75  to  '85  of  the  length  of 
mainboom ;  and  mizen  gaff  '75  to  *85  of  the  length  of  mizen  boom. 

The  ketch  rig  is  not  often  adopted  for  yachts,  one  reason  probably 

*  Called  a  workinir  topaail  beoanie  a  veMel  can  work  to  windward  with  it  in  a  whole  sail 
breeze. 
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being  that^  the  mizenmast  being  stepped  forward  of  the  stempost^  it  comes 
very  pinch  in  the  way  of  the  tiller,  and  the  mizen  boom  has  to  be  kept  a 
great  height  above  the  deck.  Another  objection  to  the  ketch  rig  is  that 
the  flails  are  necessarily  narrow  in  proportion  to  their  height^  and  for  this 
reason  their  heeling  moment  for  any  given  area  is  greater  than  is  the 
heeling  moment  of  the  sqnarer  sails  of  a  cutter  or  yawl.  The  ketch  rig 
also  compares  badly  with  the  yawl  rig  for  plying  to  windward,  especially 
in  a  head  sea,  the  long  gaff  and  smallness  of  the  area  of  the  mainsail  com- 
pared with  the  total  sail  area  probably  having  something  to  do  with  this. 
On  the  other  hand,  a  ketch  is  handier  under  head  sail  and  mizen  than  a 
yawl ;  and,  the  sails  being  more  equally  divided,  she  can  be  worked  with 
a  smaller  number  of  men  or  any  given  total  sail  area. 

Spars  for  cruisers  are  usually  from  8  to  10  per  cent,  smaller  than  those 
of  racers. 

In  determining  upon  the  length  of  main  boom,  the  designer  of  the 
sail  plan  will  be  guided  by  the  figure  of  the  sails ;  nevertheless,  it  must  be 
always  borne  in  mind  that  the  shorter  the  boom  is,  the  lighter  it  will  be, 
and  the  more  the  weights — ^which  are  necessarily  above  the  centre  of 
gravity — can  be  reduced,  the  stiffer  the  vessel  will  be.  Some  confusion, 
however,  occasionally  appears  to  exist  about  this  matter  in  consequence  of 
the  erroneous  supposition  that  the  quarters  of  a  vessel  bear  the  weight  of 
the  boom  by  some  independent  support,  and  sailors  frequently  say  of  a 
vessel,  "  She'll  never  bear  the  weight  of  that  great  boom  with  those  lean 
quarters.^'  It  has  already  been  pointed  out  that  any  weight  a  vessel 
carries  has  its  support  through  the  common  centre  of  gravity  of  the  vessel 
(Fig.  12,  page  23) ;  and  lean  quarters  wiU  no  more  interfere  with  a  vessel 
carrying  a  long  and  heavy  main  boom  than  a  lean  bow  will.  But  a  long, 
heavy  boom,  the  same  as  a  long,  heavy  bowsprit,  will  tend  to  increase  the 
momentum  acquired  during  pitching  and  scending  in  a  sea  way;  and, 
moreover,  it  will  also  tend  to  increase  this  momentum  because  a  main  boom 
is  somewhat  free  in  its  action,  and  is  not  stayed  in  an  immovable  position, 
the  same  as  a  mast  or  a  bowsprit  is.  Then,  again,  a  main  boom  is  always 
more  or  less  off  the  lee  quarter,  and  thus  assists  in  heeling  a  vessel ;  and, 
of  course,  the  heavier  a  boom  is,  the  more  potent  this  assistance  will 
be.  But  a  'Meanness''  of  the  quarters  has  nothing  to  do  with  this 
matter,  further  than  that  lean  quarters  affect  the  general  question  of 
stability. 

In  giving  a  vessel  a  light  boom,  however,  it  should  never  be  lost  sight 
of  that  about  the  worst  thing  in  a  vessel's  outfit  is  a  weak  boom.  With  a 
weak  boom  the  mainsail  can  never  be  made  to  stand  properly  if  there  be 
the  least  semblance  of  a  breeze ;  and,  moreover,  so  far  as  danger  to  the 
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crew  goes^  a  worse  accident  cannot  happen  to  the  spars  than  the  breaking 
of  the  main  boom.  The  modern  practice,  howeyer,  of  lacing  the  sail  to 
the  boom  somewhat  diminishes  the  danger  of  a  broken  boom. 

Girths  op  Spars. 

The  diameter  or  girths  of  spars  vary  a  great  deal  according  to  the 
pine  chosen,  bnt  the  general  fashion  now  is,  except  in  yachts  of  62ft. 
rating  and  nnder,  to  have  Oregon  or  Vancouver  for  masts,  and  the  same 
for  booms  and  bowsprits.  In  smaller  vessels  white  Baltic  pine  is  used 
for  masts,  booms,  and  bowsprits.  The  diameter  of  schooners'  masts  at 
the  deck  is  generally  from  '023  to  '025  of  the  length  from  deck  to  hounds; 
thus,  say  a  schooner  has  a  mast  30ft.  from  deck  to  hounds,  then  the 
diameter  at  the  deck  will  be  30  x  -025  =  0-75ft.  or  9in. ;  this  will  be  for 
tough  Oregon  or  Riga  pine ;  for  pines  of  less  breaking  strength  "027  will 
be  a  better  proportion.  The  diameter  of  the  inast  at  the  hounds  is 
generally  about  *85  of  the  diameter  at  the  deck;  or,  if  the  diameter  at 
the  deck  be  -TSft.,  then  -75  x  -85  =  •637ft.  or  7fin. 

The  diameter  of  a  cutter's  mast  at  the  deck  varies  from  *022  of  the 
length  deck  to  hounds  for  36ft.  raters,  of  the  length  deck  to  hounds,  and 
from  '028  to  "031  for  yachts  of  80ft.  rating  and  upwards.  In  cutters  the 
diameter  at  the  hounds  is  usually  *9  that  at  the  deck,  but  in  racing  yachts 
the  diameter  is  generally  equal  ail  the  way  up.  For  instance,  in  the 
Britannia  the  diameter  at  the  deck  is  20  inches,  and  at  the  hounds 
22}  inches ;  the  mast,  however,  is  slightly  oval  at  the  hounds,  but  only 
to  the  extent  of  an  inch  or  so  below  the  hounds.  The  diameter  at  the  upper 
cap  is  usually  '8  of  that  at  the  hounds. 

The  diameter  of  a  yawl's  mast  is  from  '022  in  small  vessels  to  '028  in 
large  of  the  length  deck  to  hounds. 

The  diameter  of  topmasts  at  the  heel  is  *02  the  length  heel  to  hounds 
and  the  diameter  at  the  hounds  is  '6  or  '7  of  the  diameter  at  the  heel. 

The  bowsprit  is  more  tapering,  and  the  diameter  at  the  stem  head 
varies  from  '028  to  '04  of  the  length  of  bowsprit  outside,  whilst  the 
diameter  at  the  sheave  or  outer  end  ranges  from  '7  to  '8  of  the  diameter  at 
the  stem  head. 

The  diameter  of  gaffs  varies  from  '016  of  the  length  in  small  vessels 
to  '02  in  large.     The  diameter  at  the  outer  end  is  '1  to  *8  of  the  inner  end. 

The  diameters  of  main  booms  vary  considerably,  and  of  course  will  be 
greatest  if  the  sails  be  not  laced.  A  cutter's  main  boom  generally  has  a 
greatest  diameter  near  the  sheet,  or  f  the  length  from  the  inner  end,  of 
'016  to  '02  of  its  length,  if  the  sail  is  not  laced ;  the  diameter  of  the  fore 
end,  next  the  mast,  is  usually  about  '75  of  the  greatest  diameter ;  whilst 
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the  diameter  of  the  outer  end  is  also  about  '75  of  the  greatest  diameter. 
The  boom  really  tapers  very  slowly  from  the  sheet  towards  the  inner  end 
until  about  one*seyenth  its  length  from  the  mast  when  it  tapers  faster; 
and  the  same  for  the  outer  end.  A  yawl's  main  boom  in  diameter  is 
usually  '016  of  its  length.  For  a  laced  sail  the  diameter  of  a  boom  is 
generally  reduced  one-fifth. 

The  diameter  of  a  topsail  yard  at  its  centre  of  a  length  is  '015  its 
whole  length.     The  diameter  at  the  ends  '73  the  greatest  diameter. 

A  balloon-topsail  yard,  or  the  big  working-topsail  yard,  is  generally 
strengthened  amidships  by  battens  of  American  elm,  put  on  with  seizings. 

The  diameter  of  a  spinnaker  boom  is  generally  from  '012  to  "014  of  it» 
length,  and  the  diameter  at  the  ends  '85  of  fche  greatest  diameter. 

The  general  plan  of  constructing  spars  and  their  fittings  will  be  found 
on  Plates  XXX.,  XXXI.,  XXXIT.,  &c. 

A  great  many  contrivances  have  at  various  times  been  introduced  with 
a  view  of  lightening  spars ;  but  the  old-fashioned  '^  grown  stick  "  has  not 
yet  been  displaced.  The  Black  Maria,  in  1852,  appeared  with  ^' built'' 
spars,  something  on  the  principle  of  a  cooper's  cask;  but  the  plan 
gained  no  favour  among  English  yachtsmen.  Later — we  think  it  was 
in  1863 — ^hoUow  steel  spars  were  tried  in  England;  but,  after  two  or 
three  masts  were  carried  away  rather  suddenly,  funnel  masts  were 
unceremoniously  discarded  as  much  too  dangerous.  In  1868  some  one 
proposed  the  boring  of  masts,  and  Mr.  Michael  Batsey  was  commissioned 
to  bore  the  masts  and  bowsprit  of  the  Cambria.  The  boring  was  per- 
formed by  long  augers  inserted  at  either  end,  and  meeting  in  the  centre 
of  the  spar's  length.  The  '^bore"was  about  4in.  in  diameter,  and  no 
doubt  the  spars  were  very  much  reduced  in  weight  thereby.  The  Egeria 
afterwards  had  her  masts  bored ;  but  the  plan  was  speedily  condemned,  as 
in  the  following  year  the  Cambria's  foremast-head  tumbled  off.  However, 
this  did  not  deter  the  owner  of  the  Cambria  trying  bored  spars  again ;  but 
Mr.  Ratsey  thought  it  prudent  to  put  three  heavy  iron  bands  round  the 
mastheads  at  equal  intervals,  and  to  have  masthead  pendants,  in  addition 
to  the  usual  pendants  and  runners.  This  had  the  effect  of  strengthening 
the  mastheads  ;  but  the  weight  of  material  used  in  so  strengthening  them 
was  equal  in  weight  to  the  centre  piece  which  had  been  abstracted  from 
the  spars ;  and,  moreover,  the  greater  portion  of  the  weight  was  concen- 
trated at  the  masthead,  instead  of.  being  distributed  throughout  the  whole 
length  of  the  spar.  Yachtsmen  thereupon  not  unnaturally  concluded 
that  no  benefit  was  to  be  derived  from  bored  spars ;  but  the  Cambria 
continued  to  carry  them,  and  crossed  the  Atlantic  twice  with  them.  In 
1876  the  John  Harvey  Company,  of  Wivenhoe,  introduced  a  new  kind 
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of  built  spar ;  the  spar  was  sawn  throngh  its  whole  lengthy  and  a  piece 
taken  out  of  each  half,  tapering  to  correspond  with  the  tapering  of  the 
spar.  All  kind  of  ''  built ''  mainbooms  have  since  been  used  in  racing 
yachts,  including  lately  some  of  steel,  but  a  good  Oregon  stick  is  still 
mostly  in  favour. 

PLACING  THE  MASTS. 

With  regard  to  the  placing  of  the  masts,  a  great  many  rules  have  been 
given ;  but  the  soundest  advice  is  to  keep  them  as  near  to  the  fore  and  aft 
position  of  the  centre  of  gravity  of  the  vessel  as  possible,  if  it  is  sought  to 
make  a  yacht  easy  in  a  sea-way.  The  weight  of  the  masts,  by  lengthening 
out  the  radius  of  gyration,  much  increases  the  violence  of  pitching;  and 
the  shorter  the  masts  are,  and  the  nearer  they  are  stepped  to  the  centre  of 
gravity  of  the  vessel,  the  less  they  will  aggravate  pitching.  A  quarter  of 
a  century  ago,  the  America  introduced  the  fashion  of  raking  masts  aft,  and 
no  doubt  there  was  some  reason  in  it,  if  it  were  absolutely  necessary  that 
masts  should  be  stepped  very  far  forward.  By  raking  the  masts  aft,  their 
weight  was  carried  aft  in  proportion  to  tbe  sine  of  the  angle  of  rake,  and 
so,  although  a  mast  might  have  been  stepped  very  far  into  the  bows  of  a 
vessel,  yet  would  its  weight  fall  very  near  the  centre  of  gravity.  However, 
experience  soon  undid  this  fashion,  as  it  was  ascertained  that  sails  of  better 
figures,  which  could  be  more  easily  worked,  were  to  be  obtained  by  stepping 
the  masts  a  trifle  farther  aft,  and  upright. 

So  far  as  cutters  are  concerned,  the  general  rule  appears  to  be  to  step 
the  mast  0*4  of  the  length  on  the  load  water-line  abaft  the  fore  side  of  the 
stem,  with  a  rake  aft.  from  1°  to  2°.  This  position  is  found  to  be  near 
enough  to  the  centre  of  gravity  of  a  vessel  to  avoid  any  bad  effect  on 
her  ease  in  a  seaway ;  and  generally,  if  any  good  results  through  stepping 
a  mast  6in.  further  forward  or  aft,  the  good  is  traceable  to  the  altered 
position  of  the  centre  of  effort  of  the  sails  rather  than  to  the  shift  that  has 
been  made  to  the  weight  of  the  mast.  Of  course,  if  the  centre  of  effort  of 
the  sails  cannot  be  altered  or  adjusted,  without  shifting  the  mast,  this 
extreme  measure  must  be  adopted;  but  the  constant  craze  some  sailing 
masters  have  for  shifting  masts  backwards  and  forwards  should  never  be 
gratified  from  the  mere  assertion  of  "  I^m  sure  the  vessel  would  do  a  great 
deal  better  if  her  mast  was  moved  six  inches  further  aft ;  we  shifted  the 
Anonyma's  six  inches  aft,  and  she  went  as  well  again  afterwards.^'  This 
is  usually  the  skipper's  ^'theory,''  and,  as  the  builder  is  very  properly 
anxious  to  do  anything  to  improve  his  construction,  the  mast  is  generally 
shifted  after  the  skipper's  sententious  opinion.  A  mast  may  require 
shifting ;  but  often  a  little  alteration  to  the  fore  foot,  or  a  trifling  alteration 
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to  the  sail  plan^  will  correct  a  vesseFs  indifferent  performance  and  handiness 
when  sailing  on  a  wiod. 

The  mast  of  a  yawl  is  generally  placed  a  little  farther  forward,  or  abont 
•38  of  the  length  on  the  load  line  abaft  the  fore  side  of  the  stem.  The 
mast  is  placed  so  far  forward  in  order  that  the  mainsail  may  be  as  large 
as  the  Yacht  Racing  Association  Rules  permit.  The  mizen  mast  of  a  yawl 
generally  has  a  slight  rake  aft,  in  order  that  the  main  boom  may  clear  it, 
as  frequently  the  length  of  counter  will  not  admit  of  it  being  stepped 
sufficiently  far  aft  to  clear  the  boom  if  no  rake  be  given. 

With  regard  to  schooners,  the  present  plan,  in  order  to  secure  good 
weatherly  qualities,  is  to  make  them  as  much  like  cutters  as  possible.  In 
racing  schooners  at  least  the  comfort  of  a  good  large  boom  foresail  is  an 
unknown  thing;  but  the  advantage  of  having  a  big  mainsail,  or  as  much 
canvas  as  possible  in  one  piece,  is  too  great  to  be  sacrificed  for  comfort.  In 
a  like  way  the  exigencies  of  yacht  racing  having,  gradually  turned  the  once 
comfortable  yawl,  with  her  mizen  stepped  close  to  her  rudder-head,  into 
a  vessel  that,  so  far  as  her  ease  in  a  sea  is  dependent  on  her  spars,  might 
better  be  a  cutter. 

The  masts  of  a  ketch  are  thus  placed  by  the  Y.R.A.  rules ;  mainmast 
at  the  centre  of  length  of  load  water-line ;  mizen-mast  0*4  abaft  the  centre 
of  length.  This  rule  brings  the  masts  of  a  ketch  half  of  the  length  of  the 
load  line  apart,  and  the  Y.R.A.  rule  waR  founded  upon  it. 

The  sizes  given  for  blocks  in  the  following  table  are  for  cutters; 
for  yawls  of  equal  tonnage  take  the  sizes  set  down  for  the  tonnage  next 
below ;  thus,  say  a  yawl  is  100  tons  then  take  the  sizes  for  blocks  from 
the  column  assigned  to  80  tons.  (The  general  arrangement  of  rigging  is 
shown  on  Plate  XXXVII.). 

TOPPING  LIFTS. 

In  yachts  above  50  tons  there  is  a  block  on  the  hauling  end  of  the 
topping  lift,  through  which  a  runner  is  rove.  One  end  of  this  runner  is 
shackled  to  an  eye-bolt  in  the  channel ;  at  the  other  end  there  is  a  purchase 
tackle,  the  lower  block  of  which  is  also  shackled  to  an  eye-bolt  in  the 
channel.  The  fall  of  the  purchase  is  belayed  on  a  pin  in  the  cavel  inside 
the  rigging.  In  large  vessels  of  100  tons  and  upwards  there  is  a  block 
locked  to  an  eye-bolt  in  main-boom  end,  and  on  cheeks  of  mast  (each  side). 
One  end  of  the  topping  lift  is  shackled  to  the  block  on  the  cheek  of  the 
mast ;  then  rove  through  the  block  on  the  boom  end,  up  through  the  block 
on  the  cheek  of  mast.  At  the  end  a  block  is  shackled  with  the  runner  and 
tackle,  as  in  the  other  case.  {See  Table  III.).  For  details  of  the  other 
rigging  the  reader  is  referred  to  '^  Yacht  and  Boat  Sailing,"  last  edition. 
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In  using  these  tables.  Table  VII.  should  be  consulted. 


Table  III.— SIZES  OP  BLOCKS  FOB  YACHTS  OP  VARIOUS  SIZES. 

Iron  Staop  Blocks. 


NiMB  OF  Block. 


Descrip- 
tion. 


Throat  halyards  a 

Peak  halyards   

Main  sheet 

Main  sheet  lead 

Jib  halyards 

Fore  halyards    

Bobstay  (iron  blocks) . 
Bowsprit  shronds  h  ... 

Pendant  blocks 

Banner  tackle  h    

Main  onthanl 

Topsail  sheet  (cheek).. 
Topmast  backstays  e... 
Preyenter  backstays . . . 
Preventer       backstay 

whips   

Jib  tack 

Jib  purchase 

Jib  purchase  runner... 

Main  pnrohase  

Peak  purchase  

Topping^  lifts 

ToppiniT  lift  purchase  d 
Spinnakertopping^Iift  e 

Jib  topsail  halyards  . . . 
Spinnaker  halyards  ... 
Spinnaker  guy  whips.. 

Trysail  sheets   

Pore  sheets   

Beef-tackle  (fiddle  dbL) 

Boom  guy  

Tack  tackles 

Burton  

Gaff  topsail  sheet  whip 
Downhauls  (forward) 
Dead-eyes/  


ell 


Size. 


Ins. 

4 
4 

H 

3 

4 

3 

4 
6&3 

34 
6&3 

3 

3 

3 

3 

3 
3 
3 


Ill 

-25 



Size. 

Sin. 

Size. 

Ins. 

4* 
4* 
3 

4i 

3 
4i 

6&3 

3* 
6&3 

3 

3 

3 

3 

3 
3 
3i 


3i 

3i 

3i 

3 

3 


Ins, 
5 
5 
5 

4 

5 

4 

5 
6i&4 

4 
6|&4 

3i 

3* 

n 

3* 
3i 
3* 


3* 
3* 

3i 
3i 


Ins. 
5* 
6* 
5* 

4* 
5* 

7&4i 

4* 

7&4I 

4 
4 
4 
4 

4 

3* 

4 


— 

2 

3 

3 

3t 

— 

1       3         3         3i 

— 

2 

3     1     3     1     3 

2 

2 

4     ,     4J        5 

— 

4 

4     !     3i  1     4 

1 

1 

6&3 

6&3i;6i&4 

1 

1 

— 

— 

3 

3 

3 

3 

3 

8* 

— 

2 

— 

— 

3 

— 

1 

3     1    8 

H 

— 

3 

i        

3 

— 

— 

3i 

«i 

4 

4 
4 
4 
4 
4 

Bops 
4 
4 
3i 

H 
5 
7 
3i 

4 
4 
4 
4 
4i 


^55 

Tons. 

Cut.  00. 
Yawl  80. 

Tons. 
Cut.  80. 
Ywl.100 

Size. 

Size. 
Ins. 

Size. 

Size. 

1 

Size. 

Ins. 

Ins. 

Ins. 

Ins. 

6 

7 

8 

9 

SI 

6 

7 

8 

9 

6 

7 

8 

9 

9i 

5 

5* 

6 

H 

7 

6 

7 

8 

9 

»* 

5 

6 

6* 

7 

7i 

6 

7 

8 

9 

9i 

7i&5 

8&5i 

8i&  6 

9  A  6i9i&  7| 

5 

5i 

6 

6* 

7 

7iA5 

8&5i 

8i&5i 

9&6 

9**61 

4* 

5 

5i 

6 

6* 

4* 

5 

5i 

6 

«* 

4i 

5 

5* 

6 

6i 

4* 

5 

5* 

6 

6i 

4* 

5 

5* 

6 

ei 

4 

4* 

5 

5i 

6      , 

4i 

5 

5* 

6 

6*     1 

5 
51 

6 
6 

7 
6t 

4i 

5 

4i 

5 

5i 

6 

6t 

4i 

5 

5i 

6 

«t 

4* 

5 

5i 

6 

6i 

1     41 

5 

5i 

6 

6t 

85-*    . 


Size. 


Ins. 
10 
10 
10 

n 

10 

8 

10 

74 
10&7 
7 
7 
7 
7 

7 

6* 
7 
8 

7 
7 
7 
7 
7 


Stbop  Blocks. 


4i 
4i 

4 

6 

5i 

7t 

4 

4* 

44 

4i 

4* 

44 


5 
5 
4i 

6i 

6 

8 

4i 

5 

5 

5 

5 

5 


5i 

5i 

5 

7 

6* 

8i 

5i 

5i 

5i 

5i 

5i 

5i 


6 
6 

5i 

7i 

7 

9 

64 

6 

6 

6 

6 

6i 


6i 

7 

64 

7 

6 

64 

8 

84 

n 

8 

9i 

10 

7 

74 

64 

7 

64 

7 

64 

7 

64 

7 

74 

84 

(a)  If  a  throat  purchase  is  used  (as  it  generally  is  in  racing  yachts  of  10  tons  and  over,  the 
upper  throat  halyard  block  is  a  threefold,  as  one  part  of  the  halyards  is  required  for  the  purchase, 
and  another  for  the  hauling  part. 

(b)  The  doable  blocks  on  the  bowsprit  shronds  and  runner  tackle  are  fiddles. 

(c)  A  five-tonner  has  only  four  single  blocks  for  backstays,  two  on  each  side. 

(d)  Thene  would  be  single  up  to  20  tons. 

(e)  These  would  be  single  up  to  10  tons. 

(/)  Some  fiye-tonners  have  only  two  shrouds  on  each  side;  10  tons  and  upwards  three 
shreuds ;  above  60  tons  four  shrouds  for  racing. 


Sizes  of  Cordage. 


515 


The  sizes  of  cordage  are  arranged  suitably  for  Thames  tonnage^  but 
Table  VII.,  page  517,  should  be  consulted  before  deciding  upon  the 
cordage. 

Tabls  IV.— sizes  op  cordage  FOB  CUTTER  AND    YAWL  YACHTS   OF 
VABIOl'S   SIZES   BY  THAMES  TONNAGE: 


Name  of  Bopb. 


Throat  haljards 

Peak  haljards 

Main  sheet  (manilla)  . . . 

Fore  haljards 

Bobfltay  taoklef 

Bowsprit  shrouds  tackle 

Pendant ^.^. 

Bonner    

Burner  tackle 

Main  oathanl 

Beef  pendants 

Topsail  sheet 

Topmast  backstay 

tackles 

Preyenter        backstay 

tackles 

Pr«Tenter        backstay 

whips   

Jib  tack  

Jib  halyards  (chain)  . . . 
Jib  halyards  (manilla).. 

Jib  sheets   

Jib  purchase   

Jib  purchase  runner  ... 

Throat  purchase 

Peak  purchase    

Toppinsr  lifts  

Topping  lift  purchase. . . 
Jib  topsail  halyards   . . . 

Spinnaker  halyards 

Spinnaker  gfuy  whips . . . 
Spinnaker  topping  lift.. 

TrjBaSl  sheets 

Fore  sheets ^... 

Beef  tackle  (fiddle)   ;... 

Boom  guy    ^... 

Tack  tackles  

Burton 

Gaff  topsail  sheet  whjip. 
Downhanls,  peak,  fore 

sail,  and  jib 

Lanyards 

Topsail  halyards 

Topsail  trip  halyards. . . 


Tons. 

TORg. 

TONB. 

Tons. 

TOHg. 

TONS. 

Tons. 

Tons. 

Tons. 

Tom. 

Out.  8. 

Out.  8. 

Cut.  10. 

Out.  18. 

Cat.  20. 

Cat.  30. 

Cat  40. 

Ont.«o. 

Cat.  80. 

Cat.  100. 

Yawl  5. 

Y»wl7. 

Y»wI14. 

TawlSO. 

Y»wl»0. 

a. 

TawI40 

y»wi6o. 

Tftwiso. 

Ywl.100 

YwLUO 

Cf. 

Cf. 

Cf. 

Cf. 

Cf. 

Cf. 

Cf. 

Cf. 

Cf. 

Ins. 

Ins. 

Ina. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

U 

IJ 

2 

24 

24 

2J 

3 

34 

34 

3t 

U 

If 

2 

24 

24 

24 

3 

34 

34 

3t 

U 

U 

U 

2 

24 

24 

2t 

3 

34 

34 

H 

1* 

IJ 

1* 

2 

24 

24 

2t 

3 

U 

li 

24 

24 

2J 

s  : 

84 

34 

3} 

4 

1* 

14 

14 

U 

2 

24 

24 

2i 

3 

U^ 

-li 

2 

24 

2i. 

-24- 

-3.  . 

.-ai_ 

■M. 

3i  - 

U 

i» 

2 

24 

24 

8 

34 

34 

3t 

4 

H 

U 

14 

If 

2 

24 

24 

2i 

3 

1 

14 

14 

14 

It 

2 

24 

24 

2i 

If 

li 

2 

24 

24 

2f 

8 

84 

34 

3i 

H 

14 

IJ 

2 

24 

24 

2t 

3 

34 

14 

U 

14 

14 

U 

2 

24 

2t 

3 

U 

14 

14 

14 

1} 

2 

2* 

2i 

3 



14 

14 

14 

It 

•i 

24 

2i 

3 

IJ 

1* 

2 

24 

liw 

Uw 

li  to 

2 'to 

2:  10 

24  10 

ti 

A 

A 

4 

A 

f 

1 

^ 

^ 

4 

It 

2 

24 

24 

21 

3 

34 

34 

3t 

u 

i» 

u 

2 

24 

24 

2) 

3' 

34 

34 

U 

14 

14 

14 

It 

It 
Uto 

2 
Itto 

24 

2io 

24 
2iti 

U 

14 

14 

14 

It 

It 

2 

24 

24 

1* 

14 

14 

14 

It 

It 

2 

24 

24 

u 

ij 

2 

24 

2f 

8 

34 

34 

»i 

4 

14 

14 

14 

14 

It 

It 

2 

24 

24 

14 

14 

14 

14 

It 

It 

2 

24 

24 

14 

14 

14 

14 

It 

li 

2 

24 

24 

14 

14 

14 

1* 

2 

24 

n 

2i 

2t 

14 

14 

14 

14 

It 

It 

2 

24 

24 

14 

14 

14 

1* 

2 

24 

2t 

3 

34 

14 

14 

14 

li 

2 

24 

2i 

3 

34 

1 

14 

14 

14 

It 

It 

2 

24 

24 

1 

14 

14 

14 

It 

It 

2 

24 

21 

1 

14 

14 

14 

14 

It 

It 

2 

24 

— 

— 

14 

14 

It 

li 

2 

24 

24 

u 

U 

2 

24 

24 

2t 

3 

34 

34 

31 

1 

1 

1 

14 

14 

14 

It 

2 

2 

1^ 

li 

14 

If 

2 

24 

24 

2t 

3 

H 

u 

U 

U 

U 

2 

24 

24 

2i 

3 

1 

14 

14 

14 

IS 

li 

2 

24 

2i 

(w)  Flexible  steel  wire  jib  tack  and  jib  purchase  runner.  Cf .  Circumference. 

In  the  case  of  jib  hjUyarda  the  size  of  the  iron  of  the  link  is  gfiven. 

t  Or- equivalent  in  flexible  steel  wire. 


L   L   2 
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Tablb  v.— CIBCXJMPEBBNCB  IN  INCHES  OF  STEEL  WIBE  POE  STANDING  BIGGINO 

FOE  CUTTERS  AND  YAWLS. 


Nau. 


8hrond8    

Pendants 

Bowsprit  shronds  

Forestaj 

Bobstay  pendant    

Topmast  stay 

Topmast  backstay 

Prorenter  baokstay  ... 
No.  of  shronds  a  side... 
No.  of  backstays  a  side 
Copper  bobstay  bar    . . . 


Tons. 

Torn. 

Tons. 

Tons. 

TOMS. 

TONS. 

Ton. 

Ciit.8or5 

Cut  10. 

Cnt.  15. 

Ootao. 

Out.  80. 

Cut.  40. 

CvkM. 

YiiwlT. 

Yawl  14. 

Yawl  20. 

Yawiso. 

Yawl40.  Yawl«0.  YawlSO. 

U 

U 

U 

If 

2* 

2i 

S 

U 

U 

u 

2 

2i 

2i 

Si 

li 

U 

u 

2 

2i 

2i 

2i 

u 

-  u 

2 

2* 

2i 

2i 

8i 

u 

u 

2 

2i 

2i 

2} 

8i 

f 

i 

1 

1 

u 

U 

li 

* 

i 

* 

1 

u 

1* 

IJ 

* 

i 

1 

1 

u 

u 

u 

2 

2 

S 

8 

8 

8 

8 

1 

1 

2 

2 

2 

2 

8 

t 

* 

k 

1 

u 

1* 

U 

Tows.  I  TO«i. 
.  Cut  100.IOnt.  IM 
)YwL120Ywll4» 


lABLB  VI.— BELATIVE  SIZE  AND  STBENGTH  OF  HEMP,  IBON,  AND  STEEL  BOPE. 


Hemp  Bope. 


2* 

H 

6 

7 

71 

8 

8^ 

9i 
10 

ii 

12 


2 

"4 

5 

7 

9 

10 

12 

14 

16 

18 

22 
25 

80 

36 


Iron  Wire 
Bope. 


1 

U 

11 

u 
u 

2 

2* 

2* 

21 

2| 

2f 

21 

2i 

8 

8i 

3i 

81 

3i 

81 

8* 

31 

4 

41 


1 

li 
2 

n 

8 
8i 

4 

4i 

5 

51 

6 

6* 

7 

7i 

8 

84 

9 
10 
11 
12 
13 
14 
15 
16 
18 
20 


Steel  Wire 
Bope. 


1 

i'i 

i'i 
u 

If 


2i 

34 

21 
2f 


34 

si 

8|r 
3f 


1 

li 

2' 

2i 


3i 

4 

4i 


5* 

6 

8 

9 

16 
12 


BqaiTalent 
Strength. 


72  I  24 

78    26 

84  .  28 

90 

96 
108 
120 


80 
82 
86 
40 


Wire  Rigging. 
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Tabu  VU.— DIMENSIONS  OF  SPAB8  TO  WHICH  THE  BLOCKS  AND   COBDAQE 
GIVEN  IN  THE  PBECEDING  TABLES  ABE   SUITABLE. 


K 


TOHB. 
Out.  8. 
YftwU. 


,  TOHS.  I  Tons  ,  Tons.  I  Tons.  |  Ton& 
!  Cut  80. '  Cut  40.   Gut.  60.  |  Gnt.  80.  ICnt.  100. 


Tons.  Tons.  I  Toks.  Tons,  i 
Gat.  5.  '  Cut.  10.  Ovt.  15. '  Got.  SO. ! 
Yawl  7.  YftwlU.  Yftwl 90.,Yftwl80.  Yiiwl40.iYftwl«0.  Yawl80.  YwLlOO  YwLlM 


'•r 


MMit,  deck  to  hoiuidB . . . 
Topmast,  fld  to  hoondi. 

Mam  boom 

MaingAff    

Bowsprit  outboard 

Topsail  yards  

Spmnaker  boom 


Ft. 
21 
17 
27 
18 
16 
(27 
U8 
80 


Pt. 
28 
19 
29 
20 
17 
80 
20 
85 


Pt. 
27 
24 
88 
22 
18 
85 
21 
40 


Pt. 
80 
28 
88 
25 
21 
86 
22 
42 


Pt. 
34 
29 
48 
28 
24 
37 
28 
44 


Pt. 
87 
80 
47 
80 
25 
38 
24 
45 


Pt. 
40 
88 
51 
38 
27 
89 
25 
46 


Pt. 
44 

86 
55 
86 
80 
41 
26 
50 


Pt. 
47 
40 
61 
40 
82 
48 
28 
54 


Ft 
50 
44 

68 
45 
84 

46 
30 
58 


Table  VIII.— SCHOONERS. 

CIBCnMPEBENCE   IN   INCHES  OF  STEEL  WIBE  FOB  STANDING  BIGGING. 


B.  Baoer. 
G.  Gruiser. 


Shrouds    

Pendants  

Bowsprit  shronds   

Porestay 

Bobstay  pendant    

Topmast  stay 

Topmast  backstay   

Topmast  preventer  badkstay 

No.  of  shronds  a  side 

No.  of  backstays  a  side 

Copper  bobstay  bar   


Tons. 

B.20. 
G.80. 


Tons.  Tons. 
B.80.  B.40. 
0.  40.  ,  G.  60. 


u 

2 
2 

1 

i 
1 
8 

2 

i 


2 
2 

ai 

1 
1 

1 

3 
2 

1 


Tons. 
B.  so. 

G.75. 


2i 

2* 

2i 

2i 

2i 

H 

U 

H 

3 

2 

li 


Tons. 
B.  76. 
G.  100. 


2i 
2i 
2* 

2i 
2* 

u 
li 
It 

8 
2 

1* 


Tons. 
B.  100. 
G.  140. 


8 

3i 

2i 

8i 

3i 

U 

n 

8 
2 

li 


Tons. 
B. ISft. 
G.  180. 


8 

8i 

8 

3i 

8i 

2 

2 

2 

8 

2 

li 


Tons. 
B.  180. 
G.  S90. 


8i 

3* 

8i 

3i 

3* 

2i 

2i 

2i 

3 

2 

2 


Tons. 

B.  176. 
G.  860. 


3i 
4 

3i 

4 

4 

2i 

2t 

2i 

3 

2 

2i 


B.  200. 
G.  376. 


4 

Bi 

4i 
2i 

2f 

2f 

3 

2 

2i 
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Table  IX.— SCHOONERS. 

MAIN1£AST. 

Iron  Strop  Blooks. 


B.  Bmmt. 
0.  OroiMr. 


Nami  of  Block. 


Throat  hal jardB  a 

PMtk  halyards  ... 

Peak  downhanl... 

Main  sheet    

Main  sheet  lead 

Pendant     

Bnnner  tackle  h .. 

Outhanl 

Topsail  halyards. 

Topsail  sheet    ... 

Topmast  stay  pur- 
chase   

Topmast  back- 
stays   

Preyenter  back- 
stays   

Preyenter  back- 
stay whips 

Throat  purchase . 

Peak  purchase  ... 

Topping  lifts 

Topping  lift  pur- 
chase   

Spinnaker  top- 
ping lift  c  

Beef  tackle  d  ... 

Tack  tackles 

Spinnaker  hal- 
yards  

Spinnaker  guy 
whip  ,' 

Topsail  sheet 
whip  

Topmast  staysail 
halyards    

Topmast  staysail 
tsck    

Topmast  staysail 
sheet 

Trysail  sheets  ... 

Boom  guy 

Dead-eyes  e  


Descrip- 
tion. 


II 


Tons 
B.20. 
G.  80. 


Siie. 


Ins. 

M 

3i 
4i 
4 

4 

4 

3* 

3i 

3i 

3* 

3* 

3i 

Si 
3i 
3* 
3i 

3i 

3i 


Tons 
B.80. 
0.40. 


SiM. 


Ins. 

:5 

•5 
.4 

5 
:4i 

41 
5&4i 

4 

4 

4 


Tons 
B.  40. 
O.  Ml 


SiM. 


5i&3i{7  A  4 
3i         4 

3i 

3 

3i 

3 

3 


3 
5 

3i 
3k 


4 

3 

4 

Sk 

3i 

Sk 
5i 
4 

4 


Ins. 

6 

6 

4 

6 

( 

5 
6&5 

4i 

4* 

4i 


4i 

4i 

4i 
4i 
4i 
4i 

4i 

4i 

7iA4i 
4i 

4i 

3i 
4i 

4 

4 

4 
6 
4i 
4i 


Tons 

&60. 
0.76. 


SiM. 


Ins. 
7 
7 
4i 

7 

5i 
5i 
7A5i 
5 
5 
5 


Tons 
B.  75. 
O.100. 


Tons 

B.  100. 
O.  140. 


SIml 


Ina. 
8 
8 
4i 

8 
6 
6 
8&6 
5i 
5i 
5i 

5i 

5i 

5i 

5i 
5i 
5i 
5i 

5i 

6i 


SiM. 


Ins. 
9 
9 
5 
9 
61 
6i 


Tons 
B.  136. 
a  180. 


SiM. 


Ins 
9i 
9i 
5 

9i 
7 
7 
9&6ij9i&  7 
6* 
6i 
6i 


6i 
6i 
6t 

ei 

6i 
6i 
6i 

6i 

6i 


Tons 
B.  160. 
o.  sso. 


SiM. 


Ins. 
10 
10 
5 
10 

n 

7i 

10&7i 

7 

7 

7 


Tons 
B.176 
O.iso 


Ins. 
lOi 
lOi 

5 
lOi 

8 

8 
lOiA  8 

7i 

7i 

7* 

7i 

7* 

7t 

7t 
7i 
7* 
7* 

7* 

7* 


Tons 

B.MO 
0.  >76 


SiM 


Bopa  Stbop  Blocks. 

8  &5|8i&5i9  &6 
5    I     5i         6 


5 

4 

5 

5 

5 

5 
6i 
5 
5 


5i 
5i 

4i 

5i 

5i 

5i 

54 
7 

5i 
5i 


6 

5 

6 

6 

5 

6 

7t 
6 
6 


9i&6i 
6i 

6* 

5i 

6i 

64 

54 

64 
8 

64 
6* 


10  A  7 

7  ' 

104  &  74' 

74 

7 

74 

6 

64 

7 

74 

7 

74 

6 

64 

7 

84 

7 

7 

74 
9 
74 
74 

Ins. 
11 
11 

5 
11 

84 

84 
114S4 

8 

8 

8 

8 

8 

8 

8 
8 
8 
8 

8 

8 


(a)  The  upper  throat  halyard  block  will  be  treble. 

(b)  Fiddle  blocks. 

(c)  Single  blocks  under  75  tons. 

(d)  Fiddle  blocks. 

(«)  Only  two  shrouds  a-side  under  40  tons. 


Sizes  of  Blocks. 
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Table  X.— SCHOONERS. 

FOBEMAST. 


Ibon  Strop  Blocks. 


B.  Baoer. 
G.  Orniaer. 


Nahi  of  Block. 


Throat  halyards  

Peak  halyards 

Downhanl 

Yaiiff 

Pore  sheet 

Fore  sheet  purchases 

Pendant 

Bnnner  tackle  a   

Topsail  halyards 

Topsail  sheets  (cheek) 

Sheet  lead 

Topmast  backstays  ... 
Preventer  backstays .. 

Throat  purchase 

Peak  purchase 

Spinnaker  topping  lift 

Fore    staysail   sheets 

„  n     purchases 

Fore  staysail  halyards 

Downhanl      

Bobstay 

Bowsprit  shronds 

Jib  halyards 

Jib  tack 

Jib   purchase   mnnei 

Jib  purchase 

Dead-eyes 


Spinnaker  halyards . . 
Spinnaker  guy  whip.. 

Trysail  sheets  

Jib  topsail  halyards.. 
Fore  staysail  sheets  . 

Jib  sheets 

Burton , 

Downhanl  (forward). 


Deflcrip. 
tion. 


Tons 
B.20. 
C.80, 


Tons 
B.ao. 

0.40. 


It 


SiM. 


SIse. 


Tons 
B.40. 
0.60. 


2  2 
1 
2 
1 
2 
2 
4 
2 
1 
1 


Ins. 

Ins. 

4* 

5 

4i 

5 

3i 

Si 

8t 

8i 

4 

6i*3i 

7*4 

3t 

4 

41 

31 

8i 

8* 

8* 

3t 

Si 

Si 

St 

Si 

4i 

6iASi 

7&4 

Si 

Si 

Si 

4 

4 

4i 

Ins 
6 
6 

4i 
4i 
4i 
4i 
5 
7iA4i 
4i 
5 

4* 
4i 
4i 

4i 

4i 
4i 

4i 
41 
4 
6 
7i&4i 
4i 
4i 

4i 

5 


Tons 

B.50. 
0.76. 


Tons 
B.  76. 
0.  100. 


Tons 
B.  100. 
0.  140, 


Sise.     Size. 


Ins. 

7 

7 

5 

5 

5 

5 

5i 
8&5 

5 

6i 

5 

5 

5 

5 
5 
5 
5 
5 
5 
7 
8&5 
5 
5 
5 
5 
5i 


Ins. 

8 

8 

5 

51 

5i 

5i 

6 
8i&5i 

5i 

6 

5i 

5* 

5i 

5i 

5i 

5i 

5i 

5* 

5i 

5 

8 
BkA5k 

bk 

5i 

5* 

5i 

6 


Sise. 


Ins. 

9 

9 

5 

6 

6 

6 

6i 
9&  6 

6 

6i 

6 

6 

6 

6 

6 

6 

6 

6  . 

6 

5i 

9 
9&  6 

6 

6 

6 

6 

6i 


TONB 
B.  126. 
0. 180. 


Tons 

B.  150. 
0.  220. 


SiM. 


Ins. 

9i 

9i 

5 

6i 

6i 

6i 

7 
9i&6i 

6i 

7 

6i 

6i 

6i 

6i 

6i 

6i 

6i 

6i 

6i 

6 

9i 
9i&6i 

6i 

6i 

6* 

6i 

7 


Size. 


31 

8 

5 

3i 

3i 

3 
3 


Bops  Strop  Blocks. 

6  6i 

5i  6 

7i  8 

6  6i 

6  6i 

6  6i 

5i  5i 

5  5 


4 

4i 

5 

5i 

3 

4 

4i 

5 

51 

6 

6* 

7 

4 

4i 

5 

5* 

4 

4i 

5 

5i 

— 

4i 

5 

5i 

3i 

4 

4i 

5 

4 

3i 

4 

5 

Ins. 

10 

10 

5 

7 

7 

7 

7i 
10&7 

7 

7i 

7 

7 

7 

7 

7 

7 

7 

7 

7 

6i 
10 
10&7 

7 

7 

7 

7 

7i 


7 

6i 

8i 

7 

7 

7 

6 

5 


Tons 
B.  176. 
O.  260. 


Tons 
B.  200 
0.  276. 


Size. 


Ins. 
lOi 
lOi 

5 

7 

71 

7i 

8 
10i&7i 

7i 

7i 

7i 

7i 

7k 

7i 

7i 

71 

7t 

7i 

7i 

7 

lOi 

10iA7i 

7i 

7i 

7i 

7i 

8 


7i 

7 

9 

7i 

7* 

7t 

6* 

5 


Size. 


Ins. 

11 

11 

5 

7 

8 

8 

8i 
11A8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

7 

11 

11&8 

8 

8 

8 

8 

81 


8 

7 

9i 

8 

8 

8 

7 

5 


(a)  The  double  blocks  are  fiddles. 
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Table  XI.— SCHOONERS. 

SIZES  OF  GOBDAOE. 


B.  Baoara. 
0.  CrnlBer. 


Naxi  of  Bopi. 


Main  and  fore  halyards 
Fore  staysail  halyards.. 

Jib  halyards  a 

Topsail  halyards 

Topsail  trip  halyards... 
Jib  topsail  hslyardu  . . . 
Maintopmast      staysail 

halyards  

Spinnaker  halyards  and 

topping  lift;  also  fore 

▼ang 

Main  sheet 

Fore  sheet  

Fore  staysail  sheets   ... 

Jib  sheets 

Topsail  sheets 

Jib  topsail  sheets  

Maintopmast     staysail 

sheets  

Spinnaker  sheets 

Trysail  sheets 

Jibtack    

Taok  tackles   

Main,  fore,  and  jib  pnr- 

ohabses  

Downhaols 

Barton 

Bowsprit  shronds  tackle 
Fore  sheet  purchases . . . 

Bobstay  tac^kle    

Banners  (wire)    

Banners       (hemp      or 

manilla)   

Banner  tackles   

Topping  lifts  

Topping  lift  parohase. . . 

Beef  pendants 

Beef  tackle 

Boom  guy    

Boom  gay  parohase  . . . 
Lanyards 


TOHS. 

B.20. 
o.ao. 


Cf. 


Ids. 
U 
U 

U(A) 
U 

1 
1 


u 
u 
u 

li 
1 

1 

1 
u 

2 

u 
u 

1 

1 

li 

U 

U 

U 

2 

H 

u 
u 
u 
u 
u 
u 
li 


Tons. 

B.30. 
0.40. 


Cf. 


Ins. 
2 
li 
2(A) 
U 
1 
U 

u 
li 

2 

li 

2i 

U 
li 

li 
li 
li 
2i 
li 

li 
H 
li 
li 
li 
li 
U 

2i 

u 

li 
li 
li 
li 
li 
li 

2 


Tons. 
B.40. 
0.60. 


Cf. 


Ins. 

2i 

li 

2i(i) 

li 
li 
li 

li 

li 

2 

2i 


li 
li 

li 
li 

3 

lito 

li 

li 
li 
li 
li 
li 
2 

li 

2i 

li 

2 

li 

2 

li 

2 

li 

2i 


Tons. 
B.  W». 
0.7*. 


Cf. 


Ins. 
2,^ 
li 

2i(A) 

li 
li 
li 

li 

li 

2i 
2i 
2i 
8 

li 
li 

li 
li 

2i 
liw 

li 

li 
1* 
li 
li 
li 
2i 

li 

2* 
li 
2i 
li 
2i 
li 
2i 
li 
2i 


Tons. 
B.  75. 
0.100. 


Cf. 


Ins 
3 
li 

2i(A) 

2 

li 

li 

li 
li 

8 

Si 

8 

3i 

2 

U 

li 
li 
2i 
If  10 

li 

li 
li 

2 

li 
U 

3 


3 

li 
3 

li 
3 

li 
3 

li 

2J 


Tons. 
B.100. 
0.140. 


Cf. 


Ins. 

3i 

2 
3(i) 

2i 

li 

li 
li 
li 

8i 
3i 

3i 
3i 
2i 
li 

li 

li 

2| 

210 

U 

li 

li 

2i 

li 
li 

3i 
2i 

3i 

li 

3i 

li 

8i 

li 

3i 

li 

8 


Tons. 
B.  12ft. 
0.180. 


Cf. 


Ins. 
3i 
2i 

3i(i) 
2i 
2 


8i 

H 

8i 
3i 
2i 
2 


8 

2i 

2 


2 
2 
3i 
2i 

3i 

2 

3i 

2 

3i 

2 

3i 

2 

3i 


Tons. 
B.lftO. 
0. 220. 


Cf. 


Ins. 
3i 
2i 
3i(|) 
8 
2i 
2i 

2i 


3i 

4i 

3i 

4 

2i 

2i 

2i 
2i 
3i 
2it 


2i 

2 

2i 

2i 

4 
2i 

3i 
2i 

4 

2i 

4 

2i 

4 

2i 

3i 


Tows. 
B.  17ft. 
O.2ft0. 


Cf. 


Ins. 
4 
2f 
3i 
8i 
2i 
2i 

2i 

2i 

4 
5 

4 

H 

8 

2i 

2i 

2i 

8i 

2iio 

2i 

2i 

2 

8 

2i 

2i 

8 

4 

2i 

4i 

2i 

4i 

2i 

4i 

2i 

3i 


Tons. 
B.200 
0.27ft. 


Cf. 


Ins. 

3 

4 

3i 

2i 

2i 

21 


4i 

5i 
4i 
4i 

3i 
2i 

2i 

2i 

3i 

3i« 

2i 

2i 

2 

3i 

2i 

21 

4i 

3i 

*i 

2i 

4i 

2i 
4i 

2i 
4i 

2i 

4 


The  remarks  on  page  48  apply  equally  to  schooners,  and  the  tables  of  blocks  and  cordage 
in  Tables  IX.,  X.,  XI.,  will  be  suitable  for  schooners  rigged  pretty  much  as  those  mentioned 
in  Table  XII.  are. 


(a)  The  small  figores  in  brackets  are  the  size  of  the  links  for  chain  halyards, 
(w)  Wire  rope. 
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Tabm  XII.— dimensions  OF  YACHTS  AND   SPAES. 


Naime,  with  dAtes  when 
the  span  w«re  carried. 


I 


Amphitrite  (1890)  ..  s 

^at«rwitoh(1887)...  8 

£geria(1880) .  b 

Pantomime  (1876)...  s 

Miranda  (1879)  a 

Dracnna  (1876)  b   ...  a 

Flying  Clond  (1872)..  a 

Latona(1882) t 

Florinda  (1878) t 

Jullanar  (1877)  T 

Constanoe  ( 1885)  h...  t 

Lethe  (1890)    t 

Caroline  (1878)6    ...  t 

Foxglove  (1890) t 

Oimara  (1872)    o 

Thiatle  (1887) o 

Britannia  (1896) o 

Meteor  (1896)     c 

Isolde  (1896)  ........  c 

Saint  (1896)    o 

Sataoita  c 

Vigilant  (1895)   c 

lTema(1890)  c 

Valkyrie  (1890)  c 

Yarana(1890)    c 

Vandnara  (1890)    ...  c 

Genesta  (1887)   c 

Marjorie  (1884)  o 

Anna8ona(1883) c 

Creole  (1890)  o 

Carina  (1895) c 

Vendetta  (1894) c 

Tara(1883) c 

Freda  (20  tons)  (1881)  c 

Vane88a(20tonfl)('78)  c 

Vreda(1889)  c 

Stephanie  (1895)    ...  c 

Dragon  m.  (1894)...  c 

Audrey  (1895)     c 

Asphodel  (1894) c 

Lmia(1894)    c 

Ulerin(1884)  c 

Deoima(1889) c 

Lilith(1894)   o 

Archee  (1890) c 

Flat  Fish  (1894)     ...  l 

Gareth  (1894) l 

Meneen(1894)    l 

Humming  Bird(1890)  ;  l 

Babe  (1890)     .  l 

Dolphin  (1890)   l 

Doris  (1890)    '  c 

Cnrrytnsh  (1885) |  c 


FT. 

94-5 

95-7 

93-7 

91-5 

86-7 

80-0 

73-5 

93-6 

85-7 

990 

82-8 

98-3 

750 

611 

950 

86-4 

87-8 

89-0 

60-0 

46-9 

981 

87-3 

83-5 

69-2 

65-7 

81-3 

81-0 

75-4 

64-3 

59*8 

60-8 

60-5 

660 

49-0 

47-0 

45-4 

46-7 

46*1 

44-03 

46-6 

46-1 

41-6 

35-7 

35-2 

:i0-4 

820 

28*9 

24-8 

25-9 

26-8 

26-7 

33-62 

28-53 


FT. 

19-4 

193 

19*2 

19-3 

18-9 

180 

15-7 

20-2 

19-3 

16-9 

18-2 

19-6 

16-1 

13-9 

19-9 

22-2 

23-6 

24-3 

170 

12-2 

24-7 

260 

190 

15-9 

14-9 

16-2 

160 

14-5 

11-9 

13-3 

15-8 

171 

11-5 

9-8 

9-8 

101 

12-3 

13-2 

1316 

12-3 

130 

7-2 

10-2 

10-6 

9-6 

10-0 

6-9 

7-0 

7-3 

6-8 

7-4 

5-73 

4-7 


FT. 

12-2 
12-5 
120 
130 
100 
9-6 
12-5 
11-9 
13-8 
120 

li-5 

130 


11-5 

16-3 
14-0 
130 


12-4 
130 

io-7 

121 
12-8 
11-8 
11-5 
9-5 
7-8 

io-9 

90 
90 
91 
9-7 

8-5 
7-5 

7-5 
6-7 
6-0 
5-7 
5-9 
5-8 
6-3 
5-5 


FT. 

580 
580 
57-5 
58-8 
62-0 
460 
58-8 
54-5 
53-0 
49-0 

43-5 
37-8 
640 

64-0 
69-0 
41-5 
33-2 
62-0 


48-5 
520 

4i-0 


42-5 
34-5 
31-5 
34*0 
830 


29-0 
310 


25-5 


21*5 
230 


FT. 

330 
320 
31-5 
27-5 
28-0 
23-5 
390 
360 
24-5 
28-5 

310 
230 
460 
350 


310 
350 

310 


800 
240 
240 
c210 
100 


190 


7-0 


FT. 

640 
62-0 
66*0 
580 
64-8 
480 
46*5 
63*0 
56*6 
56*5 
530 
63*2 
50*7 
43*2 
72*0 
81-4 
910 
96*6 
60-5 
51*5 
89*8 
96*7 
77*9 
690 
62*7 
68*8 
700 

550 
56*1 
600 
61*0 
58*0 
43-0 
39-0 
42-6 
49-0 
470 
48*5 
46*2 
47*8 
38*5 
34*5 
380 
30*6 
31*8 
24*9 
27*2 
23-5 
23*6 
23*5 
35*0 


FT. 

37*5 
36*0 
38*5 
85-0 
35*5 
30-0 
28-0 
480 
42-5 
42*0 
375 
40*3 
37-0 
30-5 
49-0 
51-5 
55-0 
58-7 
34-0 
281 
540 
58-5 
47*3 
42*2 
40-6 
43*3 
46*0 

37-0 
340 
85-3 
34*5 
39-5 
280 
27*5 
26*0 
28*8 
27-0 
27*0 
27-2 
26*5 
25-0 
23*8 
21-5 
19-5 
32-4 
24-5 
27*0 
24*2 
22*8 
23*5 
21-3 
18-0 


FT. 

37*0 
35*0 
340 
340 
300 
28*0 
48*5 
44*0 
38-5 
39-0 

360 
34-5 
49*5 


8Q.FT 

3158 
2868 
3040 


42-7 
47*5 

38*0 


40-0 
300 
26*5 

23*4 


28*0 


Jii 


li 


3075 
2040 
1690 
3390 
2923 
2737 
2330 


1950 

1451 

3960 

4663 

5165 

5910 

2110 

1508 

4972 

5695 

3856 

3047 

2624 

3170 

3090 

2964 

2130 

1881 

2167 

2151 

2270 

1450 

1150 

1230 

1497 

1354 

1403 

1352 

1348 

1040 

905 

866 

675 

687 

442 

474 

432 

418 

428 

782 

539 


8Q.  FT 
2618 

2649 

2600 

2350 

2136 

2008 

1920 

3900 

3300 

2900 

2600 

3464 

2340 

1592 

4500 

3770 

3889 

4718 

1292 

1026 

3802 

4397 

3410 

2736 

2276 

2930 

3360 

2928 

2104 

1570 

1306 

1282 

2150 

1480 

1170 

1024 

689 

874 

976 

876 

916 

1049 

497 

568 

805 

232 

97 

123 

135 

135 

152 

686 

422 


3<< 


8Q.FT 

8297 

8090 

8500 

7870 

7700 

5920 

5500 

8880 

8280 

7800 

6190 

7958 

5050 

3919 

9520 

9957 

10057 

12827 

4006 

2976 

10048 

11588 

8458 

6707 

5651 

7283 

7646 

7022 

4986 

4008 

8947 

3963 

5280 

3150 

2720 

2641 

2565 

2600 

2740 

2576 

2599 

2492 

1679 

1695 

980 

919 

588 

603 

567 

553 

680 

1730 

1047 


*  This  inolades  topsails. 
h  Cruiser. 


Several  accurate  sail  plans  wiU  be  found  among  the  plates. 
e  From  fore  end  of  L.W.L.  to  oranse  iron. 
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CHAPTER   XIX. 
BALLAST. 


Thb  displacement  of  a  vessel  is  a  quantity  which  enters  very  largely  into 
any  consideration  of  her  stability^  as  was  abundantly  shown  in  a  former 
chapter,  and  in  no  way  does  the  knowledge  of  a  yacht's  displacement  more 
largely  assist  the  naval  architect  in  his  labours  than  in  the  matter  of 
ballast.  Most  English  yachts  are  built  of  pretty  much  the  same  scantling, 
and  have  similar  internal  fittings  and  spars ;  yet  the  weight,  exclusive  of 
ballast,  of  any  two  yachts  of  equal  length  and  breadth  may  vary  con- 
siderably, as  will  be  gleaned  from  the  following  table : 


Name  of  Yacht.      . 

Watehtof 
RaUMt 
in  Tons. 

Weif  ht  of 

this  Ballsikt 

onKeeL 

Bstioof 
Ballast  (o 
Displace- 
ment 

Displace- 
ment 
in  Tons. 

Egerift  (wood) 

60 

52 

78 

61 

71 

78 

631 

72 

42 

22-2 

80 

87 

41 

80 

21-9 

16-5 

15-9 

17 

14-45 

150 

12-4 
8-5 

12 
70 
8-75 
72 
4-8 
2-5 
21 

80 

23» 

80 

28-5 

57 

78 

621 

72 

6 
222 
28 
34 
37 
28 
all 

2-5 
all 
17 
all 
all 
all 

8-5 
11-5 

6-6 
all 

6-9 
all 
all 
all 

•422 
•361 
•488 
•452 
•534 
•493 
•404 
•510 
■508 
•483 
•500 
•585 
•545 
•500 
•600 
•579 
•521 
•634 
•500 
•574 
•590 
•566 
•571 
•466 
•591 
•681 
•657 
•610 
•555 

142 

144 

160 

141 

133 

158 

156 

141 
82^7 
46 
60-5 
63-2 
75-3 
60 
86-5 
28-5 
30-5 
26-8 
289 
261 
210 
15 
21 
150 
148 
10-5 
7-3 
41 
3-6 

Florinda  (wood)  

Miranda  (wood) 

CoDBtanoe  (wood)    

Eryoina  (wood)    

Galatea  (iron)     

Ailsa  (oompoBite) 

Genflsta  (oomposite)    ... 

MiUy  (composite)    

!  Isolde  (oompoBite)   

I  May  (oomposite) 

Sleuthhonnd  (wood)    ... 

I  Tara  (oomposite) 

1  Castanet  (composite) ... 

Clara  (wood)     

,  Vanessa  (wood)    

Ghost  (wood)   

Penitent  (wood)  

Vreda  (steel)    

Drai^n  (wood)     

Minerva  (wood)   

Neptnne  (wood) 

Saraband  (wood) 

Drina(wood)   

Die  (wood)    

Olffa  ToomDOsite) 

Oread  (wood)    

Lady  Nan  (wood)     

Dolphin  (wood)    

i 

*  Florinda  origioally  only  had  3^  tons  of  lead  on  her  keel ;  bnt  this  was  subsequently 
increased  to  8  tons,  and  before  her  last  racing  season  a  lead  keel  was  oast  broader  than  her  wood 
keel,  and  lead  slabs  bolted  on  abore  through  the  wood  keel  at  a  a. 


526  Yaeht  Architecture. 

It  is  very  evident  that^  the  greater  quantity  of  ballast  a  vessel  has  in 
proportion  to  her  displacement^  the  lower  ought  to  be  her  centre  of  gravity, 
and,  as  a  sequence,  the  greater  ought  to  be  her  stability.  A  yacht  builder, 
therefore,  even  if  he  disregards  the  simple  calculation  of  the  displacement 
of  a  vessel  he  is  commissioned  to  construct,  will  know  that,  so  far  as  sail- 
carrying  power  is  concerned,  an  advantage  must  accrue  from  making  the 
fabric  of  the  hull  as  light  as  possible,  consistent  with  security,  if  the  vessel 
be  intended  for  racing. 

But  it  must  not  be  conclu~ded~  that  of  two  vessels  of  equal  length, 
breadth,  and  draught  of  water,  and  equal  scantling  so  far  as  sizes  of 
timbers,  beams,  and  planking  go,  the  weight  of  the  hull  need  be  the  same. 
The  probability  is  that  the  vessel  of  the  larger  displacement  will  carry  the 
greater  proportionate  weight  of  ballast,  as  is  very  pointedly  exemplified  in 
the  case  of  the  Egeria  and  Miranda;  the  scantling  of  the  two  is  about 
equal  so  far  as  thickness  of  plank  and  siding  of  frame  go ;  yet,  in  pro- 
portion to  displacement,  it  will  be  seen  that  the  Egeria  carries  a  smaller 
quantity  of  ballast.  The  reason  of  this  is  dependent  upon  the  different 
forms  taken  by  the  vertical  sections  in  the  two  vessels.  The  Miranda^s 
midship  section  is  of  the  peg-top  form,  and  the  greatest  girth  of  the 
midship  frame,  from  the  load  line  to  the  keel,  is  14ft. ;  the  Egeria  has  a 
hoUower  section,  very  flat  from  the  bilge  to  the  garboard,  and  then  very 
curved.  The  consequence  is  that  the  girth  or  length  of  the  frame,  from  the 
load  line  to  the  keel,  is  16ft.  and  there  will  be  a  proportionate  excess  of 
length  in  nearly  every  frame,  and,  as  a  consequence,  an  excess  of  plank 
as  well.  For  this  reason,  unless  vessels  of  similar  linear  dimensions  be 
also  of  similar  form,  they  need  not  have  the  same  ratio  of  ballast  to 
displacement.  It  will  be  noticed  in  the  table  that  as  the  tonnage  size  of 
the  yachts  decreases  the  ratio  of  ballast  to  displacement  increases;  the 
cause  of  this  is  that  depth  in  a  small  yacht  is  relatively  greater  than  in  a 
large  one — or,  in  other  words,  the  depth  is  not  made  to  decrease  in  propor- 
tion to  the  decrease  in  the  other  two  dimensions  of  length  and  breadth 
— and  as  the  weight  of  material  used  in  the  construction  is  very  much  less 
in  proportion  to  the  displacement,  as  a  consequence  more  ballast  can  be 
carried.  So  far  as  lightness  of  hull  goes  for  any  given  form  there  is  some 
advantage  on  the  side  of  the  composite  construction,  such  as  May,  Milly, 
Tara,  Ac,  have. 

A  very  great  change  has  been  wrought  in  the  manner  of  ballasting 
yachts  since  1880,  and  a  better  type  of  vessel  for  speed  and  weather  lines 
has  been  built  since  ballasting  has  received  greater  attention.  Scrap  iron, 
fire  bars,  and  even  stone  and  shingle,  were  the  common  form  of  ballast  in  the 
first  days  of  yachting,  with  a  few  shot  bags  to  trim  to  windward  in  the  event 
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of  match  sailing.  As  the  pastime  of  yachting  deyeloped,  a  taste  for  yacht 
racing  was  very  rapidly  disseminated,  and  ballast  shifting  came  to  be  re- 
garded as  part  of  the  science  of  the  sport ;  and  thus  success,  in  fair  sailing 
breezes,  frequently  rewarded  the  man  who  had  the  greatest  weight  of  shot 
bags,  and  the  greatest  number  of  men  to  shift  them.  There  is  no  denying 
that  the  absence  of  restrictions  upon  the  shifting  of  ballast  was  introducing 
us  to  a  very  bad  type  of  vessel,  and  the  thanks  of  the  present  generation  are 
due  to  the  men  who  in  1856  placed  a  stringent  prohibition  upon  the  practice 
of  trimming  ballast  to  windward.  It  was  made  a  point  of  honour  with  yacht 
owners  that  they  would  not  permit  ballast  to  be  shifted  during  a  race. 

When  the  prohibition  of  shifting  ballast  came  into  operation,  it  was 
only  reasonable  that  yachtsmen  and  yacht  builders  should  devise  some  plan 
to  enable  the  yachts  to  continue  to  carry  the  enormous  spars  and  sail  areas 
that  shifting  ballast  had  called  into  existence.  The  shot  bags  that  had 
been  shifted  from  bilge  to  bilge  were  permanently  located  in  a  solid  form 
in  the  bottom  of  the  hull,  and  metal  keels — generally  of  iron — ^became 
fashionable.  Then  lead  keels  were  timorously  introduced.  Indeed,  lead 
ballast  generally  was  contemned,  and  when  a  yacht  first  appeared  with 
^'  all  lead  ballast,'*  many  so  little  understood  what  its  effect  would  be  as  to 
predict  that  the  yacht  with  a  lead  keel  would  "  get  caught  some  day,  and 
sink  like  a  stone  .'*  This  ludicrous  prediction,  so  far  as  we  know,  has  not 
been  verified,  and  "  all  lead  "  for  racing  vessels  is  now  commonly  employed 
as  ballast,  and  99  per  cent,  of  it  on  the  keel  outside,  and  frequently  the 
whole  weight.  There  is  thus  no  limit  to  the  proportion  of  ballast  to  be 
carried  outside,  and,  whilst  the  general  practice  up  to  1878  had  been  to 
put  about  one-fourth  of  the  ballast  outside,  on  the  keel,  or  in  the  gar- 
boards,  the  practice  now  is  as  stated  above  in  racing  yachts;  whilst  a 
cruiser  might  have  two-thirds  of  the  weight  outside.  In  steel-built  vessels, 
such  as  Yanduara  and  Galatea,  the  lower  part  of  the  hull  or  keel  is  made 
a  kind  of  ballast  box,  and  so  no  lead  is  actually  carried  ^'  outside,**  the 
whole  being  run  into  the  keel. 

The  principal  advantage  of  introducing  lead  as  ballast  in  yachts  was 
that,  owing  to  its  greater  specific  gravity  or  smaller  bulk  for  any  given 
weight,  it  can  be  stowed  as  a  whole  in  a  lower  position  in  the  hull  than  a 
similar  weight  of  iron,  and  thus  bring  about  a  lower  position  of  the  centre 
of  gravity  of  the  vessel,  which  simply  means  that,  with  any  given  weight, 
greater  stability  can  be  acquired  by  using  lead  as  ballast  than  by  using 
iron.  Next,  as  the  centre  of  gravity  of  a  vessel  can  be  brought  so  much 
under  command  by  the  use  of  lead  and  lead  keels,  advantage  has  been 
taken  of  this  to  decrease  the  displacement.  In  this  respect  the 
employment  of  lead  as  ballast  has  had  a  beneficial  effect.     It  has  enabled 
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naval  architects  to  design  Tessels  eqnal  in  accommodation  to  those  of  much 
greater  displacement  and  at  the  same  time  to  be  more  than  their  equal  in 
initial  stability. 

In  order  to  get  the  centre  of  gravity  of  the  ballast  as  low  as  possible^ 
the  practice  was^  in  most  racing  yachts^  though  not  in  cruisers^  to  spread 
the  weights  out  in  a  fore-and-aft  direction.  For  smooth-water  sailing 
nothing  but  clear  gain^  so  far  as  stability  is  concerned^  will  result  from 
having  the  weights  well  distributed  in  a  fore-and-aft  direction;  but  the 
case  will  be  different  among  waves^  no  matter  what  the  ballast  be  (see 
page  68) .  The  longer  the  radius  of  gyration,  and  the  greater  the  meta- 
centric height  are  made^  the  more  violent  will  be  the  pitching  and  scending 
motions  among  waves^  and  the  vessel  will  dive,  and  be  very  wet  and 
uneasy.  But,  on  the  other  hand,  if  the  weights  are  much  concentrated, 
like   the   short    lead  keels   of  modern   racing  yachts,  the  vessel,  whilst 
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1.  AmerioAn  elm  keel. 

2.  Steel  rod  passing  throai^  keel. 
8.  Fish  keel. 


4.  Iran  timben. 

5.  Frame  of  yessel. 

6.  Skin. 


diminishing  the  momentum  that  caused  her  to  plunge  into  a  wave 
or  ''dive,"  will  be  ^'lively/'  The  vessel  with  the  longer  radius  of 
gyration  will  rise  to  the  waves^  and  then  bury  herself.  In  moderate 
weather,  and  among  comparatively  small  waves,  the  case  might  be  some- 
what different,  as  the  momentum  acquired  would  be  unimportant,  and  the 
fore-and-aft  motions  of  a  vessel  with  a  long  radius  of  gyration  would 
consequently  be  slow;  whereas,  a  vessel  with  her  weights  much  con- 
centrated would  tend  to  keep  time  with  the  waves,  and  the  sails  would  not 
"  sit "  quietly  in  light  winds.  This  is  particularly  noticeable  in  little  boats, 
and  often  among  small  waves  better  results  are  obtained  by  stowing  the 
weights  well  fore-and-aft.  As  a  general  rule,  the  best  place  for  the  ballast 
is  in  the  middle  third  of  the  length  of  the  vessel ;  and  if  two-thirds,  more 
or  less,  of  the  ballast  takes  the  form  of  a  lead  keel,  the  latter  should  not 
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be  greater  ia  length  than  four-sixths  of  the  length  of  the  vessel  on  the 
load  water-line. 

Various  ingenious  methods  of  ballasting  have  from  time  to  time  been 
adopted  or  proposed^  and  we  have  se^n  it  suggested  that  ballast  should  be 
slungj  or  that  it  should  have  elastic  bearings. 
It  need  scarcely  be  pointed  out  that  moving - 
ballast  among  waves  would  be  a  very  bad  thing, 
as  the  momentum  acquired  by  the  ballast  would 
in  effect  augment  the  general  momentum  of  the 
vessel ;  and  further,  if  the  ballast  were  "  slung/^ 
it  would  shift  to  leeward  upon  the  vessel  being 
heeled  by  a  wind  force,  and  it  would  be  in  effect 
like  trimming  ballast  to  leeward  instead  of  to 
windward.  A  plan  was  also  proposed  in  1870 
to  suspend  the  lead  keel  by  steel  bars,  as  shown 
in  Figs.  230  and  231.  The  obvious  objection  to 
this  plan  is  that  the  bars  would  have  to  be  of 
the  greatest  width  transversely  to  withstand  the 
lateral  strain,  and  would  thus  offer  a  surface  of 
much  greater  resistance  than  would  arise  from 
.the  whole  of  the  spaces  between  the  two  keels 
being  filled  in  solid,  like  the  modern  fin  bulb 
keel. 

An  elaborate  plan  in  the  way  of  ballasting 
is  that  introduced  by  Messrs.  Harvey  and  Pryer ; 
it  consists  of  lead  floors  with  angle  iron  inserted  ; 
lead  keelson,  with  lumps  of  lead  underneath  it 
between  the  floors  moulded  to  fill  the  spaces, 
and  a  lead  outside  keel.  This  plan  was  success- 
fully tried  in  the  Seabelle  and  other  yachts,  but 
the  fashion  of  placing  nearly  the  whole  of  the 
lead  outside  has  rendered  the  plan  obsolete. 

About  the  year  1870  a  plan  was  adopted  of 
running  the  lead  ballast  into  the  vessel  molteu  ; 
and  certainly  this  plan  so  far  fulfilled  its  object, 
that  the  ballast  was  solid,  and  all  the  small  spaces 
were  filled.  But  the  plan  was  objected  to  for 
the  reason  that  if  anything  went  wrong  with  the  frame  of  the  vessel,  or  if 
the  ballast  required  shifting,  it  was  such  a  very  great  labour  to  cut 
the  solid  mass  out,  and  if  the  lead  got  in  the  seams  it  was  apt  to  cause 
leakage.     However,  the  practice  is  still  followed  with  advantage  in  steel 
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yachts,  the  keels  of  which  form  "  ballast  boxes.'*  The  Vanduara,  Vreda, 
and  Galatea  were  so  ballasted,  as  already  explained. 

Sometimes  the  spaces  between  the  heels  of  the  timbers  and  the  keel 
are  filled  with  concrete  (made  of  shot  or  boiler  punchings  and  cement)  up 
to  the  level  of  the  top  of  the  floors  or  keelson.  If  this  plan  is  adopted,  all 
the  surfaces  of  the  spaces  should  be  well  tarred,  and  the  concrete  should 
be  thoroughly  worked  into  every  crevice,  otherwise  the  damp  may  rot  the 
heels  of  the  frames  and  the  plank,  or  foul  bilge  water  may  accumulate. 

The  modern  plan  of  shaping  lead  keels  is  shown  on  the  plates 
representing  Isolde,  Audrey,  Flat  Fish,  Edie,  &c.,  besides  numerous  wood- 
cutsin  the  text  (see  page  447,  &c.) . 

The  object  of  making  the  underside  of  the  keel  semicircular  is  to 
obtain  a  minimum  of  surface  for  any  given  weight.  Also,  if  weeds  grow  on 
the  under  side  of  the  keel,  they  could  easily  be  removed  by  working  a 
rope  fore  and  aft  as  the  vessel  lay  afloat.  Of  course,  if  the  lead  keel  were 
made  rectangular  the  weight  would  be  lower,  but  there  would  be  an 
increase  of  surface.  The  objections  to  a  very  broad  keel,  and  the  advan- 
tages of  a  thin  keel,  are  discussed  on  page  145. 

These  very  thin  lead  keels  now  usually  take  the  form  of  a  "  fin,'*  as 
shown  by  the  plate  representing  the  Dolphin.  This  form  of  lead  keel 
was  introduced  in  1880  by  Mr.  B.  H.  Bentall  on  a  10  tons  yacht  he 
named  Evolution  (see  Fig.  282).  The  yacht  was  not  a  success;  but  that 
was  mainly  because  she  was  of  insufficient  beam  and  displacement. 
Mr.  Bentall  then  reduced  the  thickness  of  the  fin,  and  placed  an 
equivalent  weight  on  it,  as  a  bulb ;  we  believe  this  was  the  first  fin  bulb 
keel  fitted  to  a  yacht.  The  form  of  lead  keel  was  quite  a  sound  concep- 
tion, and  was  much  recommended  for  small  yachts  as  a  '^  fixed  centre 
plate*'  (in  1880).  In  1887  Lieutenant  Gartside  Tippinge,  R.N.,  fixed  such 
a  keel  to  his  centre  board  yacht  Mischief,  and  since  then  the  idea  has  been 
successfully  carried  out  in  the  small  classes  for  racing  on  the  Solent,  Clyde, 
Ac.  Evolution  was  subsequently  fitted  with  a  bulb,  and  no  doubt  she  was 
the  first ''  fin  bulb  "  boat  built. 
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ELEMENTS  OP  WELL-KNOWN  YACHTS,  SOME  OF  WHICH 
ARE  ILLUSTRATED  BY  THE  TABLES  OR  REFERRED  TO 
IN  THE  TEXT. 

(The  area  of  immerBed  snrfaoe  and  area  of  lateral  resistance  do  not  inolnde  the  area  of 

centre-boards.) 


Taoht. 


^>4 


Is 


0  O 

a  o 

II 


5S 


III 


in/ 

1^^ 


Genesta 

Samoana     

Yandnara   

Formosa     

Kriemhilda     

Arrow 

Lulworth        

Castanet 

Biay     

Vanessa 

Ghost 

Vreda 

Dragon  

Ohiqnita 

Minnrva 

Saraband    

Drina 

Neptune 

Bedonin  (entre.  brd.) 

Oread 

Masootte    

Qoinqae 

Valentine   

Lady  Nan  

Dolphin 

Lenore    

Constance  

Florinda 

Latona    

Jnllanar 

Milly  

Sappho   

Lyra    

Seabelle 

Miranda 


FT. 

810 
80-7 
81-2 
820 
7»*5 
79-2 
68-7 
58*8 
640 
470 
461 
45-4 
45-4 
45-5 
40-5 
410 
38-2 
89-5 
280 
28*2 
28-3 
31-6 
29-5 
230 
25-7 
89-5 
82-8 
85-9 
98-6 
1000 
66-6 
,  1220 
;  125-5 
:  90«5 
86*4 


FT. 

160 

16-2 

16-2 

170 

17-5 

18-7 

16-5 

140 

12*0 

9-8 

10-7 

101 

10-2 

111 

10-2 

7-3 

9-8 

7-6 

9-3 

70 

4-7 

8-9 

70 

8-3 

7-4 

17-3 

181 

19-3 

20-3 

16-8 

14-7 

27-0 

25-2 

190 

18-9 


FT. 

13-3 
130 
12-8 
12*5 
121 
11-5 
10-5 
115 
110 
7-8 
.  9-8 


9-6 

90 

7-5 

.   8-4 

70 

8-5  A  7 

6-6 

5-7 

6-6 

7-4 

5-7 

5-8 

12*6 

120 

11-8 

12-7 

13-7 

11-3 

130 

13-3 

12-0 

130 


TONS. 

1410 

1300 

1300 

130-0 

115-4 

108.0 

63.0 

600 

610 

28-5 

30-5 

28*9 

261 

280 

210 

210 

150 

150 

6-7 

7-3 

7-0 

8-6 

70 

41 

3-6 

145.0 

1410 

1500 

1670 

1580 

82-7 

232.0 

332.0 

155.0 

1600 


sg.FTc 

1090 

102-0 

980 

100-0 

89-7 

890 

620 

66.0 

36- 
450 


33-0 

31-6 

270 

22-6 

7-6 

170 

17-7 

16*2 

160 

120 

11-0 

101-5 

1070 

1060 

1040 

1060 

790 

1240 

1590 

1020 

1090 


FT. 

1-9 
8-5 
2-0 
2-0 
1-3 
3-2 
3-4 


1-7 
1-4 
1=8 
1-6 

1-i 
1-7 
0-6 
21 
0-6 
11 
1-2 
0-7 
0-9 
0-7 
0-8 
3-5 
2-2 
1-3 
41 
0-4 
1-2 
6-5 
2-8 
1-7 
2-3 


8Q.  FT. 
1940 

2022 
1892 

2112 

1940 

1414 

1095 

1260 

770 

699 

695 

670 

672 

678 

465 

640 

225 

302 

270 

880 

319 

218 

196 

2223 

1990 

2200 

2480 

2178 

1615 

3790 

8460 

2830 


8Q.FT. 

864 


862 
848 
760 
639 
469 

3si 

299 


303 

289 

267 

202 

227 

86 

128 

126 

166 

186 

82 

70 

862 

812 

901 

980 

934 

638 

1366 

1484 

1027 

926 


8Q.rr. 
8080 
7350 
7283 
712i» 
6792 
6884 
5680 
4067 
4990 
2720 
2577 
2641 
2632 
2686 
3200 
2536 
1801 
2150 
1016 
1269 
1050 
950 
997 
654 
417 
7845 
6190 


7800 

4620 

14,243 

10,800 


7700 
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LENGTH  OF  THE  CIRCULAR  ARC    SUBTENDED  BY  ANY 
ANGLE,   RADIUS   BEING  =  100. 


Dbgbbes. 

o 

ABC. 

o 

ABC. 

o 

1 

ABC. 

1 

•0174533 

31 

•5410521 

61 

10646508 

2 

•0349066 

32 

•5586054 

62 

10821041 

3 

•0623599 

33 

•5759587 

63 

10995574 

4 

•0698132 

34 

•5934119 

64 

11170107 

5 

•0872665 

35 

•6108652 

65 

11344640 

6 

•1047198 

36 

•6283185 

66 

11519173 

7 

•1221730 

37 

•6457718 

67 

11693706 

8 

•1396263 

38 

•6632251 

68 

11868239 

9 

•1570796 

39 

•6806784 

69 

1-2042772 

10 

•1746329 

40 

•6981317 

70 

12217305 

11 

•1919862 

41 

•7155850 

71 

12391828 

12 

•2094395 

42 

•7330383 

72 

1-2566371 

13 

•2268928 

43 

•7504916 

73 

12740904 

14 

•2443461 

44 

•7679449 

74 

12915436 

15 

•2617994 

45 

•7853982 

75 

13089969 

16 

•2792527 

46 

•8028515 

76 

1-3264502 

17 

•2967060 

47 

•8208047 

77 

13439035 

18 

•3141593 

48 

•8377580 

78 

13613568 

19 

•3316126 

49 

•8552113 

79 

13788101 

20 

•3490659 

50 

•8726646 

80 

1-3962634 

21 

•3665191 

51 

•8901179 

81 

14137167 

22 

•3839724 

52 

•9075712 

82 

14311700 

23 

-4014257 

53 

•9250246 

83 

1-4486233 

24 

•4188790 

54 

•9424778 

84 

1-4660766 

25 

•4363323 

55 

•9599311 

85 

14835299 

26 

•4537856 

56 

•9773844 

86 

1-5009832 

27 

•4712389 

57 

•9948377 

87 

1-5184364 

28 

•4886922 

58 

10122910 

88 

1-5358897 

29 

•5061466 

59 

10297443 

89 

1-5533430 

.   30 

•5235988 

60 

10471976 

90 

1-5707963 

CONVERSION    Of  INCHES  AND    EIGHTHS    INTO    DECIMALS 

OF  A  FOOT. 


PRACTI0N8 

OP  AN  Inch. 

Inches. 

0 

1 

\ 

1 

* 

* 

f 

3 

0 

-0000 

•01041 

•02083 

•03125 

•04166 

•05208 

-0625 

-07291 

1 

•08333 

•09375 

•10416 

•11458 

•125 

•13641 

•14588 

•15639 

2 

•16666 

•17707 

•1875 

•19792 

•20832 

•21873 

-22914 

•23965 

3 

•25 

•26041 

•27 

•28125 

•29166 

•30208 

•3126 

•32291 

4 

•33333 

•34375 

•35416 

-364 

•875 

•38541 

-39588 

-40639 

5 

•41666 

•42707 

•437 

•44792 

•45832 

•46873 

•47914 

-48965 

6 

•5 

•51041 

•520 

•53125 

-54166 

•56208 

•5625 

•57291 

7 

•58333 

•59375 

•60416 

•614 

•626 

•63541 

•64588 

•65639 

8 

•66666 

•67707 

•685 

•69792 

•70882 

•71773 

•72914 

•73965 

9 

•75 

•76041 

•77 

•78125 

•79169 

•80208 

•8125 

•82291 

10 

•83833 

•84375 

-85416 

•864 

•875 

-88541 

•89688 

•90639 

11 

•91666 

•92707 

•937 

•94792 

•95832 

-96873 

•97914 

•98965 

12 

Ifoot. 

foot. 

foot. 

foot. 

foot. 

foot. 

foot. 

foot. 
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DECIMAL   EQUIVALENTS   OP 

A   TON. 

owt.  qr.     lb.        tons. 

cwtqr. 

lb.        tons. 

owt.  qp. 

lb.        tons. 

cwt.   qr. 

lb.        tone. 

cwt. 

qp. 

lb.         tons. 

0     0     22i  - 

01 

4     0 

22i  =  -21 

8     0 

221  -  -41 

12     0 

221  -  '61 

16 

0 

221  =     -81 

0     1     16f  = 

02 

4     1 

161  =  -22 

8     1 

16}  =  -42 

12     1 

16}  -  -62 

16 

1 

16}  =    -82 

0     2     Hi  - 

08 

4    2 

Hi  =  -23 

8     2 

Hi  «  -43 

12     2 

Hi  -  -68 

16 

2 

Hi  =     -88 

0     3       6i  -= 

04 

4     3 

5i  =  -24 

8     3 

5i  =44 

12     8 

51  -  -64 

16 

3 

51  =    -84 

10      0    = 

05 

5     0 

0     «  -25 

9     0 

0     -  -46 

13     0 

0     -  -65 

17 

0 

0     =    -85 

1     0    22i  » 

06 

5     0 

22i  -  -26 

9     0 

221  =  -46 

13    0 

221  "  '66 

17 

0 

221  -     '36 

1     1     16f  « 

07 

5     1 

16f  =  -27 

9     1 

16}  =  -47 

13     1 

16}  -  -67 

17 

1 

16}  -    -87 

1     2     Hi  - 

08 

5     2 

Hi  -  -28 

9     2 

Hi  =  -48    13    2 

Hi  -  -68 

17 

2 

Hi  =    -88 

13       5i  « 

09 

5    8 

5i  =  -29 

9    3 

51  =  -49 

13     8 

51  ^  -69 

17 

3 

51  =    -89 

2     0       0     « 

1 

6     0 

0    «  -3 

10     0 

0    -  -5 

14     0 

0    =  -7 

18 

0 

0     =    -9 

2     0     22i  = 

11 

6     0 

22i  =  -31 

10    0 

221  »  '51 

14    0 

221  =  -71 

18 

0 

221  «    -91 

2     1     16|  -» 

12 

6     1 

16i  «  -32 

10     1 

16}  -  -52 

14     1 

16}  =  -72 

18 

1 

16}  -    -92 

2     2     Hi  « 

13 

6    2 

Hi  =  -33 

10    2 

Hi  -  -53 

14    2 

Hi  =  -73 

18 

2 

Hi  =    -93 

2     3      5i  = 

14 

6    8 

5i  »  -34 

10    3 

51  »  -54   14    3 

51  =  -74 

18 

3 

51  =    -94 

3    0      0    « 

15 

7     0 

0    =  -35 

11     0 

0    =  -55  1 15     0 

0     -  -75 

19 

0 

0    =95 

8    0    22i  » 

16 

7     0 

22i  =  -36 

11     0 

221  »  '56  1 15     0 

221  -  -76 

19 

0 

221  =    -96 

8     1     16f  « 

17 

7     1 

16}  -  -37 

11     1 

16}  -  -57   15     1 

16}  =  -77 

19 

1 

16}  «    -97 

3     2     Hi  « 

18 

7     2 

Hi  -  -38 

11     2 

Hi  =  -58   15    2 

Hi  =  -78 

19 

2 

Hi  =    -98 

8     8      5i  = 

19 

7     3 

5i  «  -39 

11     3 

51  »  -59   15     3 

51  =  -79 

19 

3 

51  =    -99 

4    0      0    -  -2 

8     0 

0    -  -4 

12     0 

0    =  -6    1 16    0 

0    «  -8 

20 

0 

0    =  10 

WEIGHT  AND  BULK  OF  SUBSTANCES. 


Names  of  Sabstanoes. 


11^ 

^6a 


Names  of  Substances. 


2I| 


if 


Cast  iron    

Wrought  iron    

Steel   

Copper    

Lead    

Brass      

Tin 

Gold    

SUver 

Pine,  white  (spruce  flr)    ... 

„     yellow  

,,  red  (Biga  or  Dantsio) 
M     pitch 

English  elm   

American  elm    

Teak  


450-5 
486-6 
489-8 
555 
707-7 
537-7 
456 
1013 
551 

29-56 

38-81 

40 

41-3 

35 

45 

50 


4-97 
4-60 
4-57 
408 
316 
416 
4-91 
2-21 
4-07 

75-6 

66-2 

55 

54 

64 

50 

44 


Mahogany 

Oak,  liye  (American) 
„     white         „ 

,.      (English) 

Cork    

Coal 

Coke   

Marble,  common    . . . . 

Millstone    

Clay 

Sand    

Granite  

Earth,  loose   

Water,  salt  (sea)  .... 

„      fresh  

Ice  


66-4 

70 

45-2 

53 

15 

79 

46 
141 
130 
101*3 

94-5 
165 

78-6 

64-3 

62-5 

58-08 


33-8 
32 
49-5 
42 
150 
28-3» 
48-7 
15-9 
17-2 
221 
23-7 
13-5 
28-5 
34-8 
35-9 
38-56 


*  This  assumes  the  coal  to  be  in  one  solid  block.     For  broken  coal  40  cubic  feet  are  allowed 
for  stowage  in  bunkers. 

KNOTS    PER   HOUR   CONVERTED  INTO   FEET    PER  SECOND. 


Knots 

Feet 

,  Knots 

Feet 

Knots 

Feet 

Knots 

Feet 

Knots 

Feet 

per 

per 

pep 

per 

per 

per 

per 

per 

per 

per 

hour. 

hoar. 

second. 

1 

hour. 

second. 

1 

hoar. 

seoond. 

bonr. 

seoond. 

1 

1-688 

1       7 

11-82 

13 

21-94    i 

19 

3207 

25 

42*20 

2 

8-376 

8 

13-50    1 

14 

23-63    1 

20 

33-76 

26 

43-89 

3 

5064 

9 

1519 

15 

25-32 

21 

35-45 

27 

45*58 

4 

6-752 

10 

16-88 

16 

2701    1 

22 

3714 

28 

47-26 

5 

8-44 

11 

18-57 

17 

28-70    1 

23 

38-82 

27 

48*95 

6 

10-13 

12 

20-26 

18 

30-38    1 

24 

40-51 

30 

50*64 

The  Admirall^  knot  is  6080  feet.      A  statute  mile  is  »  knot  x  •8684.      A  knot  is  -  statute 

mile  X   1*1515. 


Time  and  Knot  Table. 
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TIME  AND  KNOT  TABLE. 

To  use  this  table  note  the  time  on  the  mile,  then  find  the  number  of  seoondi  in  the  first 
oolumn  and  trace  along  horiiontally  nntil  the  oolnmn  for  minatee  is  reached ;  the  fignree  in  that 
oolnnm  will  be  the  rate  in  knots  per  hoar.  Say  the  time  was  4  min.  29  sec.  Find  29  seconds, 
and  trace  along  to  the  4  minute  oolumn ;  the  figures  are  13*383,  which  is  the  rate  per  hour. 


Sees. 

9  min. 

8  min. 

4  min. 

6min. 

80-000 

90K»0 

16-000 

19-000 

99^89 

19-890 

14-988 

11-960 

99-808 

19-780 

14-876 

11-991 

99-968 

19-679     14-816 

11-881 

99H)89 

19-666  ,  14-764 

11-842 

98-800 

19-469 

14-694 

11-806 

98-871 

19-866 

14-684 

11-768 

98-846 

19-261 

14-678 

11-796 

98196 

19-149 

14-616 

11-688 

97-907 

19048 

14-458 

11-660 

10 

97-699 

18-947 

14-400 

11-618 

U 

97-481 

18-848 

14-848 

11-676 

13 

97-978 

18-760 

14986 

11-688 

IS 

97068 

18-668 

14-999 

11-609 

U 

96-866 

18-887 

14178 

11-466 

U 

96-667 

18461 

14-118 

11-499 

U 

96-471 

18-867 

14-069 

11-892 

17 

96-977 

18-974 

14-006 

11-866 

18 

96-067 

18-189 

18-968 

11-891 

19 

98-899 

18-090 

18-900 

11-986 

SO 

96-714 

18-000 

18-846 

11-960 

81 

96-889 

17-910 

18-798 

11-916 

S2 

96-889 

17-899 

18-740 

11180 

» 

96-178 

17-784 

18-688 

11146 

94 

96000 

17-647 

18-686 

11-111 

SS 

94-898 

17-661 

18-686 

11077 

96 

94-668 

17-476 

18-684 

11-048 

97 

94-490 

17-891 

18-488 

11-009 

98 

94-894 

17-808 

18-488 

10-976 

99 

94-161 

17-296 

18-888 

10-949 

80 

94-000 

17148 

18-888 

10-909 

81 

98-841 

17-069 

18-984 

10-876 

89 

98-684 

16-981 

18-986 

10-848 

88 

98-699 

16-901 

18187 

10-811 

84 

98-877 

16-899 

18-189 

10-778 

88 

98-996 

16-744 

18-091 

10-746 

88 

98077 

16-667 

18-048 

10-714 

87 

99-980 

16-690 

19-996 

10-689 

88 

99-786 

16-614 

13-960 

10-661 

89 

99-649 

lH-488 

13-908 

10-619 

40 

99-600 

16-864 

13-8A7 

10-688 

41 

99-860 

16-990 

12811 

10-687 

49 

99*999 

16-916 

19-766 

10-626 

48 

99-086 

16148 

19-791 

10-496 

44 

91-961 

16-071 

19-676 

10-466 

48 

91-818 

16-000 

19-689 

10-486 

46 

91-687 

16-999 

19-687 

10-406 

47 

91-667 

16-869 

19-644 

10-876 

48 

91-499 

16-789 

19-600 

10-846 

49 

91-809 

16-791 

19-467 

10-816 

80 

91176 

16-669 

19-414 

10-286 

61 

91-068 

16-684 

19-871 

10-266 

89 

90-980 

16-617 

19-829 

10-997 

88 

20-809 

16-461 

19-987 

10198 

84 

90-690 

16-886 

19-946 

10169 

K 

90-671 

16-819 

12-208 

10-141 

86 

90-468 

16-964 

19-162 

10-119 

87 

30-889 

16-190 

12191 

10-084 

88 

90-996 

16-196 

19-061 

10-066 

89 

90-119 

16-068 

19-040 

10K)28 

Sees. 

9  min. 

8  min. 

4  min. 

6  min. 

10-000 
9-979 
9iM6 
9i»7 
9-890 
9-868 
9-886 
9-809 
9-788 
9-766 
9-780 
9-704 
9-677 
9«{1 
9-696 
9-600 
9-674 
9-649 
9-694 
9499 
9474 
9-449 
9-494 
9-899 
9-876 
9-861 
9896 
9-809 
9-978 
9-964 
9-981 
9-907 
9-184 
9-160 
9-187 
9-114 
9-091 
9-068 
9-046 
9-028 
9-000 
8-978 
8-965 
8-988 
8-911 
8-889 
8-867 
8-846 
8-824 
8-809 
8-780 
8-769 
8-788 
8-717 
8-696 
8-676 
8-664 
8-688 
8-612 
8-692 


6  min. 


7  min. 


8-671 
8-881 
8-681 
8-611 
8-491 
8-471 
8-481 
8-481 
8-411 
8-899 
8-879 
8-868 
8-888 
8-814 
8-296 
8-976 
8-967 
8-988 
8-919 
8-900 
8-189 
8-168 
8-148 
8-126 
8108 
8-090 
8-072 
8-064 
8-086 
8018 
8-000 
7-982 
7-966 
7-947 
7-980 
7-919 
7-896 
7-877 
7-860 
7-848 
7-896 
7-809 
7-792 
7-776 
7-769 
7-742 
7-726 
7-709 
7-692 
7-676 
7-660 
7-648 
7-627 
7-611 
7-696 
7-679 
7-668 
7-647 
7-681 
7-616 


7-800 
7-484 
7-469 
7-488 
7-488 
7-498 
7407 
7-899 
7-877 
7-869 
7-847 
7-389 
7-817 
7-808 
7-987 
7-978 
7-968 
7-948 
7-999 
7-214 
7-200 
7-186 
7-171 
7-167 
7-148 
7-129 
7116 
7101 
7-087 
7-078 
7-069 
7-048 
7-081 
7018 
7-004 
6-990 
6-977 
6-968 
6-950 
9-986 
6-928 
6-9 10 
6-897 
;  6-888 
'  6-870 
6-857 
6-844 
6-881 
6-818 
6-806 
6-792 
6-780 
6-767 
6-754 
6-742 
6-799 
6-716 
6^04 
6-691 
6-679 


7  min-      8  min. 


9min. 


6-667 
6-664 
6-649 
6-680 
6-618 
6-606 
6-698 
6-681 
6-569 
6-557 
6-545 
6-584 
6-599 
6-510 
6-488 
6486 
6-476 
6468 
6459 
6440 
6499 
6417 
6-406 
6-394 
6-888 
6-879 
6-860 
6-848 
6-888 
6-8-i7 
6-816 
6805 
6-994 
6-988 
6-979 
6-961 
6-960 
6-289 
6-998 
6-918 
6-907 
6-196 
6-186 
6-176 
6*164 
6-154 
6-148 
6-188 
6-199 
6119 
6-109 
6-091 
6-081 
6-071 
6061 
6-050 
6-040 
6080 
6-090 
6-010 


9  min. 


10  min.   11  min. !  19  min. '  18  min.  114  min. 


6-000 
6-990 
5-980 
6-970 
5-960 
5-960 
5-941 
6-981 
6-991 
5-911 
5-909 
5-899 
5-889 
5-878 
5-868 
5-854 
5-844 
5-885 


5-816 
6*806 
8-797 
5-788 
5-778 
5-769 
5-760 
5-751 
5-749 
5-789 
5-798 
6-714 
6-705 
5-696 
6-687 
6-678 
6-669 
6-660 
6-661 
6-648 
6-684 
5-695 
5-616 
6-607 
6-699 
8-690 
6-581 
8-578 
5-664 
6-656 
5-547 
5-588 
5-580 
5-621 
5-618 
5-505 
6496 
6-488 
8479 
5-471 
8-468 


6-455 
5446 
5-488 
5-480 
5499 
5-414 
6-406 
5-897 
5-889 
5-881 
6-878 
5-865 
5-857 
5-849 
6-841 
5-888 
6-825 
5-818 
6-810 
6809 
5-994 
6-986 
5-979 
5-971 
5-268 
6-956 
6-948 
5-940 
5-288 
5-995 
5-917 
5-910 
5-909 
5195 
5-l«7 
6-180 
6172 
5-166 
5-168 
6-160 
6-148 
8-186 
6-128 
6-121 
5-114 
6-106 
5-099 
5-099 
5-086 
6078 
5-070 
5-068 
5-056 
5049 
5-049 
6-085 
5-028 
5-021 
6-014 
6-007 


,  5-000 
,  4-998 
I  4-986 
I  4-979 
I  4-972 
4-966 
4-969 
4-982 
4-945 
4-988 
4-981 
4-996 
4-918 
4-911 
4-906 
4-898 
4-h91 
4-886 
4-878 
4-871 
4-865 
4-868 
4-889 
4-846 
4-889 
4-889 
4-896 
4-819 
4-818 
4-806 
4-800 
4-794 
4-787 
4-781 
4-774 
4-768 
4-769 
4-756 
4-749 
4-748 
4-787 
4-781 
4-794 
4-718 
4-719 
4-706 
4-700 
4-688 
4-687 
4-681 
4-675 
4-669 
4-668 
4-657 
4-651 
4-645 
4-689 
4-688 
4-697 
4-691 


10  min.  1 11  min.  19  min. 


4-616 
4-609 
4-604 
4-598 
4-599 
4-586 
4-580 
4-674 
4-568 
4-668 
4-657 
4-551 
4-545 
4-540 
4-884 
4-698 
4-598 
4-517 
4-511 
4-506 
4-500 
4494 
4489 
4-488 
4-478 
4-479 
4-466 
4-461 
4-456 
4-480 
4-444 
4-489 
4488 
4428 
4-428 
4-417 
4412 
4-406 
4-401 
4-896 
4-890 
4-885 
4-879 
4-874 
4-869 
4-864 
4-858 
4-868 
4-848 
4-848 
4-887 
4-889 
4-827 
4-899 
4-816 
4-811 
4-806 
4-801 
4-996 
4-991 


4-988 
I  4-981 
4-978 
4-970 
4-988 
4-980 
4-966 
4-960 
4-9tf 
4-940 
4-986 
4-980 
4-996 
4-990 
4-916 
4-910 
4-908 
4-901 
4-196 
4191 
4-188 
4181 
4-176 
4-171 
4-167 
4169 
4-187 
4169 
4-147 
4-148 
4-186 
4-188 
4-198 
4194 
4119 
4114 
4-110 
4106 
4100 
4-096 
'  4-091 
I  4-088 
4-069 
I  4-077 
'  4^9 
4-068 
4-068 
4-069 
4-054 
4-040 
4-045 
4-040 
4-086 
4-081 
4-027 
:  4-039 
I  4-018 
4-018 
I  4-009 
j  4-004 


IS  min.  14  min. 
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TABLE  OP   1-8  ROOTS  {see  paou  17). 

The  1*8  power  of  the  roots  will  of  course  be  the  numbers  in  the  first  column. 


Numbers. 

1-8  Eoote  of 
Nambers. 

Numbers. 

1-8  Boots  of 
Nmnbera. 

Nmnbers. 

1-8  Boots  of 
Numbers. 

Numbers. 

1-8  Boots  of 
Numbers. 

10 

1000 

70 

2-950 

40 

7-77 

100 

12-91 

11 

1060 

71 

2-973 

41 

7-88 

101 

12-98 

1-2 

1115 

72 

2-996 

42 

7-99 

102 

13-05 

1-3 

1168 

7-3 

3-018 

43 

8-09 

103 

13-12 

1-4 

1-218 

7-4 

3-040 

44 

819 

104 

13-19 

1-5 

1-265 

7-5 

3-062 

45 

8-29 

105 

13-26 

1-6 

1-310 

7-6 

3-084 

46 

8-39 

106 

13-33 

1-7 

1-352 

7-7 

3-1U6 

47 

8-49 

107 

13-40 

1-8 

1-392 

7-8 

3128 

48 

8-59 

108 

13-47 

1-9 

1-432 

7-9 

3-150 

49 

8-69 

109 

13-54 

20 

1-471 

8-0 

3-172 

50 

8-79 

110 

13-61 

21 

1-510 

8-1 

3-194 

51 

8-89 

111 

13-68 

2-2 

1-549 

8-2 

8-216 

52 

8-99 

112 

13-75 

2-3 

1-587 

8-3 

3-237 

53 

9-08 

113 

13-82 

2-4 

1-625 

8-4 

3-259 

54 

9-17 

114 

13-89 

2-5 

1-662 

8-5 

3-281 

55 

9-26 

115 

13-96 

2-6 

1-698 

8-6 

3-303 

56 

9-35 

116 

14-03 

2-7 

1-734 

8-7 

3-325 

57 

9-44 

117 

14-10 

2-8 

1-770 

8-8 

3-347 

58 

9-53 

118 

14-17 

2-9 

1-805 

8-9 

3-369 

59 

9-62 

119 

14-24 

30 

1-840 

90 

3-390 

60 

9-71 

120 

14-31 

31 

1-874 

9-1 

3-410 

61 

9-80 

121 

14-38 

3-2 

1-907 

9-2 

3-430 

62 

9-89 

122 

14-45 

3-3 

1-940 

9-3 

3-450 

63 

9-98 

123 

14-52 

3-4 

1-973 

9-4 

3-470 

64 

10-07 

124 

14-59 

3-5 

2-005 

9-5 

3-490 

65 

10-16 

125 

14-66 

3-6 

2-037 

9-6 

3-510 

66 

10-25 

126 

14-73 

3-7 

2-069 

9-7 

3-530 

67 

10-34 

127 

14-80 

3-8 

2100 

9-8 

3-550 

68 

10-43 

128 

14-86 

3-9 

2-130 

9-9 

3-570 

69 

10-52 

129 

14-92 

40 

2-160 

10 

3-590 

70 

10-60 

130 

14-98 

41 

2190 

11 

3-790 

71 

10-68 

131 

15-04 

4-2 

2-220 

12 

3-98 

72 

10-76 

132 

15-10 

4-3 

2-250 

13 

4-16 

73 

10-84 

183 

1516 

44 

2-280 

14 

4-33 

74 

10-92 

134 

15-22 

4-5 

2-309 

15 

4-50 

75 

1100 

135 

15-28 

4-6 

2-338 

16 

4-66 

76 

11-08 

136 

15-34 

4-7 

2-366 

17 

4-82 

77 

11-16 

137 

15-40 

4-8 

2-394 

18 

4-97 

78 

11-24 

138 

15-46 

4-9 

2-422 

19 

5-12 

79 

11-32 

139 

15-52 

50 

2-450 

20 

5-27 

80 

11-40 

140 

15-58 

51 

2-477 

21 

5-42 

81 

11-48 

141 

15-64 

5-2 

2-504 

22 

5-56 

82 

11-56 

142 

15-70 

5-3 

2-531 

23 

5-70 

83 

11-64 

143 

15-76 

5-4 

2-557 

24 

5-84 

84 

11-72 

144 

15-82 

5-5 

2-583 

25 

5-97 

85 

11-80 

145 

15-88 

5-6 

2-609 

26 

6-10 

86 

11-88 

146 

15-94 

6-7 

2-635 

27 

6-23 

87 

11-96 

147 

16-00 

5-8 

2-660 

28 

6-36 

88 

12-04 

148 

16-06 

5-9 

2-685 

29 

6-49 

89 

12-12 

149 

16-12 

60 

2-710 

30 

6-62 

90 

12-20 

150 

1618 

61 

2-735 

31 

6-74 

91 

12-28 

151 

16-24 

6-2 

2-760 

32 

6-86 

92 

12-35 

152 

16-30 

6? 

2-784 

33 

6-98 

93 

12-42 

153 

16-36 

6-4 

2-808 

34 

7-10 

94 

12-49 

154 

16-42 

6-6 

2-832 

35 

7-22 

95 

12-56 

155 

16-48 

6-6 

2-856 

36 

7-33 

96 

12-63 

156 

16-54 

6-7 

2-880 

37 

7-44 

97 

12-70 

157 

16-60 

6-8 

2-904 

38 

7-55 

98 

12-77 

158 

16-66 

6-9 

2-927 

39 

7-66 

99 

12-84 

159 

16-72 

538 
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Table  of  1*8  Boors  (eontinued). 


Numbers. 

1-6  Boots  of 
Numbers. 

Numbera. 

1-8  Boots  of 
Numbers. 

Numbers. 

1-8  Boots  of 
Numbers. 

Numbers. 

1-8  Boots  of 
Numbers. 

160 

16-78 

225 

20-25 

289 

23-42 

353 

25-98 

161 

16-84 

226 

20-80 

290 

23-46 

354 

26-02 

162 

16-90 

227 

20-35 

291 

23-50 

355 

26-06 

163 

16-96 

228 

20-40 

292 

23-54 

356 

26-10 

164 

1702 

229 

20-45 

293 

23-58 

357 

26-14 

165 

1708 

230 

20-50 

294 

23-62 

358 

26-18 

166 

1714 

231 

20-55 

295 

23*66 

359 

26-22 

167 

17-20 

232 

20-60 

296 

23-70 

360 

26-26 

168 

17-26 

233 

20-65 

297 

23-74 

361 

26-30 

169 

17-32 

234 

20-70 

298 

23-78 

362 

26-34 

170 

17-38 

235 

20-75 

299 

23-82 

363 

26-38 

171 

17-44 

236 

20-80 

300 

23-86 

364 

26-42 

172 

17-50 

237 

20-85 

301 

23-90 

365 

26-46 

178 

17-56 

238 

20-90 

302 

23-94 

366 

26-50 

174 

17-62 

239 

20-95 

303 

23-98 

367 

26-54 

175 

17-68 

240 

21-00 

304 

2402 

368 

26-58 

176 

17-74 

241 

2105 

305 

24-06 

369 

26-62 

177 

17-80 

242 

21-10 

306 

24-10 

370 

26-66 

178 

17-86 

243 

2115 

307 

24-14 

371 

26-70 

179 

17-92 

244 

21-20 

308 

24-18 

372 

26-74 

180 

17-98 

245 

21-25 

309 

24-22 

373 

26-78 

181 

1804 

246 

21-30 

310 

24-26 

374 

26-82 

182 

18-10 

247 

21-35 

311 

24-30   . 

375 

26-86 

183 

18-15 

248 

21-40 

312 

24-34 

376 

26-90 

184 

18-20 

249 

21-45 

313 

24-38 

377 

26-94 

185 

18-25 

250 

21-50 

314 

24-42 

378 

26-98 

186 

18-30 

221 

21-55 

315 

24-46 

379 

27-02 

187 

18-35 

252 

21-60 

316 

24-50 

380 

2706 

188 

18-40 

253 

21-65 

317 

24-54 

881 

27-10 

189 

18-45 

254 

21-70 

318 

24-58 

882 

27-14 

190 

18-50 

255 

21-75 

310 

24-62 

888 

27-18 

191 

18-55 

256 

21-80 

320 

24-66 

384 

27-22 

192 

18-60 

257 

21-85 

321 

24-70 

385 

27-26 

193 

18-65 

258 

21-90 

322 

24-74 

386 

27-30 

194 

18-70 

259 

21-95 

323 

24-78 

;   387 

27-34 

195 

18-75 

260 

22-00 

324 

24-82 

388 

27-38 

196 

18-80 

261 

22-05 

325 

24-86 

1   889 

27-42 

197 

18-85 

262 

2210 

326 

24-90 

390 

27-46 

198 

18-90 

263 

22-15 

327 

24-94 

391 

27-50 

199 

18-95 

264 

22-20 

328 

24-98 

,   392 

27-54 

200 

19-00 

265 

2225 

329 

2502 

393 

27-58 

201 

1905 

266 

22-30 

'  330 

25-06 

394 

27-62 

202 

19-10 

267 

22-35 

331 

25-10 

1   395 

27-66 

203 

1915 

268 

22-40 

332 

25-14 

396 

27-70 

204 

19-20 

269 

22-45 

333 

25-18 

1   397 

27-74 

205 

19-25 

270 

22-50 

334 

25-22 

398 

27-78 

206 

19-30 

"  271 

22-65 

335 

25-26 

399 

27-81 

207 

19-35 

272 

22-60 

336 

25-30 

400 

27-84 

208 

19-40 

273 

22-65 

337 

25-34 

412 

28-71 

209 

19-45 

274 

22-70 

338 

25-38 

455 

30-00 

210 

19-50 

275 

22-75 

339 

25-42 

500 

31-61 

211 

19-55 

276 

22-80 

340 

25-46 

560 

83-63 

212 

19-60 

277 

22-85 

341 

25-50 

630 

35-93 

213 

19-65 

278 

22-90 

342 

25-54 

652 

36-40 

214 

19-70 

279 

22-95 

343 

25-58 

700 

38-07 

215 

19-75 

280 

23-00 

344 

25-62 

790 

40-80 

216 

19-80 

281 

2305 

345 

25-66 

■  800 

41-00 

217 

19-85 

282 

23-10 

346 

25-70 

!   900 

48-78 

218 

19-90 

283 

2315 

347 

25-74 

1   993 

46-24 

219 

19-95 

284 

23-20 

348 

25-78 

1  1500 

58-15 

220 

20-00 

285 

23-25 

349 

25-82 

2000 

68-22 

221 

20-05 

286 

23-30 

350 

25-86 

2372 

7500 

222 

20-10 

287 

23-34 

351 

25-90 

3426 

92-00 

223 

20-15 

288 

23-38 

352 

25-94 

3982 

10000 

224 

20-20 
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MARINE  GLUE. 

This  composition  is  said  to  be  composed  of  1  part  india-rabber^ 
12  mineral  napbtba  or  coal  tar  Heated  gently^  and  20  parts  of  shellac, 
mixed  with  it.  The  composition  is  now  usually  employed  to  stop  the 
seams  of  decks  after  they  are  caulked.  The  old  fashioned  plan  was  to 
use  white  lead  putty  for  the  stopping,  and  indeed  it  is  at  this  present 
time  occasionally  used ;  the  objection  to  it  is  that  it  dries  as  hard  as  a 
cement  and  cracks,  the  result  being  that  wat-er  gets  into  the  caulking, 
rots  it,  and  then  leaky  decks  are  the  consequence.  Moreover,  hard  putty 
is  very  difficult  to  get  out  of  the  seams  without  damaging  the  edges  of 
the  plank,  and  then  in  re-stopping  ragged  ugly  seams  are  the  result. 
Marine  glue,  on  the  other  hand,  if  it  does  dry  and  crack,  can  easily  be 
renewed^  and  the  edges  of  the  plank  remain  uninjured. 

In  using  marine  glue  the  following  practice  should  be  observed :  In 
driving  the  oakum  or  cotton  thread  (the  latter  is  sometimes  preferred 
as  it  can  be  laid  in  finer  strands,  a  matter  of  consideration  if  the  plank 
is  closely  laid)  into  the  seams,  the  caulking  iron  should  be  dipped  in 
naphtha,  and  not  in  oil,  as,  if  the  sides  of  the  plank  are  touched  with  the 
latter,  the  glue  will  not  adhere ;  naphtha  on  the  other  hand  dissolves  the 
glue  and  assists  in  closely  cementing  the  seams.  The  plank  should  be 
quite  dry  when  the  glue  is  applied,  or  it  will  not  adhere  to  the  sides  of  the 
seams.  The  glue  should  be  dissolved  in  a  pot,  and  applied  by  lip  ladles 
used  for  paying,  two  being  kept  going ;  or  the  glue  can  be  melted  in  the  lip 
ladles.  Great  care  must  be  taken  that  the  glue  is  melted  slowly,  as  if  it  be 
melted  over  too  fierce  a  fire  it  will  be  spoilt.  A  little  of  the  liquid  glue  can 
be  usefully  mixed  with  the  other,  as  it  assists  in  keeping  it  dissolved.  The 
glue  that  runs  over  the  sides  of  the  seams  should  be  cleaned  off  with  a 
broad  sharp  chisel  and  remelted.  It  is  not  advisable  to  scrape  the  surplus 
glue  off  the  seams,  as  it  cannot  be  so  removed  without  leaving  a  ragged 
unsightly  surface.  The  manufacturer  of  this  marine  glue  is  Mr.  Jeffery, 
Limehouse. 

A  cheaper  kind  of  marine  glue  is  now  much  used.  It  is  manufactured 
by  the  Landport  Waterproof  Company,  and  is  much  more  easy  to  use  than 
the  other,  as  it  does  not  lose  its  qualities  by  heating. 
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YACHT   ARCHITECTURE   IN    GERMANY. 

The  continued  and  rapid  growth  of  yachting  in  Germany,  under  the 
fostering  care  of  the  Emperor  aid  his  brother.  Prince  Henry  of  Prussia, 
has  had  the  immediate  result  of  giving  a  fresh  impetus  to  the  science  of 
designing  and  construction. 

In  a  country  where  the  sport  of  yacht  racing  is  as  yet  in  its  infancy, 
it  is  only  natural  that  a  commencement  should  be  made  with  the  building 
of  small  boats.  Heidtuiann^s  yard  on  the  Alster,  at  Hamburg,  for  example, 
has  turned  out  some  first-rate  boats,  capable  of  competing  in  all  respects 
with  the  average  small  racer  of  British  build  j*  but  so  far  the  demand  for 
large  yachts  has  been  so  small  that  German  builders  have  scarcely  had  an 
opportunity  of  gaining  experience  in  their  construction. 

Not  only  Great  Britain,  but  America  as  well,  has  had  some  influence 
on  German  yacht  architecture.  A  1-rater,  Dr.  von  Turk's  Bubble,  and  the 
late  Baron  von  Zedtwitz's  20-rater  Isolde  (a  sister  ship  of  Mr.  Howard 
Gould^s  Niagara),  are  the  only  direct  importations  of  recent  years.  Prince 
Henry  of  Prussia's  Gudruda,  the  HerreshofE  crack  Wenonah,  was  for  some 
time  raced  on  the  Clyde  by  Mr.  H.  Allan  before  being  sold  to  Germany. 

It  may  be  said  that  sixteen  years  ago,  not  only  yacht  architecture, 
but  the  sport  of  yachting  itself,  was  practically  unknown  in  Germany. 
There  were  owned  at  Hamburg  a  few  cruising  craft  of  British  origin  ;  but 
there  was  no  racing,  unless  we  count  that  of  small  boats  on  the  Alster, 
and  on  the  network  of  lakes  that  surround  Berlin.  In  1882,  however, 
some  German  naval  officers  arranged  a  regatta  on  the  fjord  of  Kiel,  which 
proved  such  a  success  that  the  Norddeutscher  Regatta  Verein  took  up  the 
idea,  and  offered  prizes  for  annual  competition  on  the  Baltic.  This 
attracted  a  good  many  foreign  yachts,  especially  from  Denmark  and 
Sweden ;  and  five  years  later  was  formed  the  Marine  Regatta  Verein,  out 
of  which  has  developed  the  Imperial  Yacht  Club.  The  hisiiory  of  these 
two  clubs  is  the  history  of  yachting  in  Germany. 

The  Norddeutscher  Regatta  Verein  was  founded  in  1868,  primarily  for 
rowing  and  sailing  regattas  on  the  Alster,  Hamburg's  picturesque  lake. 
Later  on  it  established  fixtures  on  the  Elbe,  which  remain  to  this  day 
and  ultimately  the  matches  on  the  Baltic  at  Kiel,  and  in  the  bay  of  Liibeck 

*  The  principal  building  yard  on  the  ALater,  eetabliahed  in  1S55,  has  shown  a  steady 
increase  in  its  output.  Of  the  seYenty-fiye  craft  launched  from  Mr.  Heidtmann's  yard  in  1894, 
thirteen  were  bond  fide  yachts  ;  in  1895,  twelve  out  of  eighty-one  were  sailing  yachts  ;  while  in 
1896,  previous  to  the  Kiel  Begattas,  eighteen  sailing  yachts  had  been  despatched  to  their 
various  destinations. 
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at  Travemiinde,  as  the  principal  field  of  operations.  The  Empress  Frederick 
is  the  club's  patron,  and  its  only  honorary  members  are  H.R.H.  Prince 
Henry  of  Prussia  and  the  hereditary  Grand  Duke  Frederick  Augustas  of 
Oldenburg. 

The  Commodore  of  the  Imperial  Yacht  Club  is  the  German  Emperor, 
and  Prince  Henry  is  vice-commodore.  The  rapid  growth  of  the  club  is 
due  in  great  measure  to  the  energy  of  the  secretary,  Geheimer  Regierungs- 
rath  Professor  Busley,  until  recently  Professor  of  Naval  Construction  at 
the  Kaiserliche  Marine  Akademie  at  Kiel,  now  managing  director  of 
Schichau's  yard  at  Elbing,  who  for  many  years  has  acted  as  timekeeper 
and  judge  at  the  annual  regattas. 

The  Baltic  is  an  ideal  yachting  ground — ^for  cruising  as  well  as  for 
racing.  Practically,  there  are  no  tides  to  contend  with.  Germany's  great 
naval  station,  Kiel,  therefore,  has  unusually  favourable  chances  of  becoming 
a  great  yachting  centre.  Its  large  and  sheltered  harbour,  the  wide  fjord, 
and  the  open  Baltic  beyond,  with  plenty  of  ports  for  which  to  run  in  case 
of  dirty  weather,  can  hardly  be  surpassed.  Another  great  advantage  it 
posses<«es  as  a  yachting  centre,  which  has  not  been  without  its  beneficial 
influence  on  the  development  of  yacht  architecture  in  Germany,  is  its 
proximity  to  the  Danish  islands  and  to  Sweden,  in  both  of  which  countries 
the  sport  is  strongly  developed.  With  the  exception  of  1894,  when  there 
was  a  temporary  breach  owing  to  some  political  misanderstanding,  caused 
by  the  expulsion  of  a  troupe  of  Danish  actors  from  Hadersleben,  Danish 
and  Swedish  yachts,  well  built,  beautifully  kept,  and  skilfully  handled 
have  taken  part  in  regattas  at  Kiel  for  many  years,  and  have  done  much  to 
stimulate  German  owners.  It  is  from  Denmark,  too,  that  the  formula 
comes  under  which  German  racing  yachts  are  measured  and  rated — Mr. 
Alfred  Benzon,  a  member  of  the  Royal  Danish  Yacht  Club,  being 
domiciled  at  Copenhagen.*  The  formula,  which  has  been  adopted  by  the 
Deutscher  Segler  Verband  (the  German  equivalent  for  our  own  Y.R.A.), 
and  which  cannot  be  altered  until  1898,  is  as  follows : 

B  -  ^  "  Q  <^^  -^>  "  Saa-umtB." 

L  signifies  the  length  of  the  yacht  on  the  water-line  in  metres. 

G  signifies  the  girth  of  the  yacht  in  metres. 

8  signifies  the  sail  area  of  the  yacht  in  square  metres. 

*  The  effect  of  the  Benzon  rale  appears  to  haye  been  the  reyiyal  of  the  old  atjle  of  boat 
which  was  in  nee  at  Hamburg,  on  the  Alster,  in  the  siztiea.  Thus,  in  1864,  Mr.  A..  Tietgens 
pnrohaMd  the  Laura,  built  in  America  three  years  before,  introducing  a  type  which,  after  three 
decades,  has  been  resuscitated.  The  Scbehn,  built  by  Heidtmann  for  Mr.  A.  Eir<»ten  in  1865, 
sare  for  heayier  build  and  greater  strength,  was  almost  an  exact  counterpart  of  the  modem 
German  smaU  rater. 
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The  length  on  the  water-line  is  found  by  deducting  the  overhangs 
from  the  length  over  all,  one  or  two  special  cases  being  provided  for. 
Notably  in  the  case  of  extravagant  overhangs  the  following  rule  has  to  be 
taken  into  account : 

"  Should  the  length  over  all  (Lj)  exceed  the  length  on  the  L.W.L.  by 
more  than  50  per  cent,  i.e.  (Li  more  than  1*5  L.W.L.),  such  greater  length 
(L8  =  Li-l-5  L.W.L)  is  added  to  the  L.W.L.  (L.W.L.  +  L,),  and  taxed 
accordingly.^' 

The  girth  is  obtained  by  the  following  formula : 


»-*^) 


Here  the  greatest  under-water  girth  is  taken  by  a  chain  up  to  the  water- 
line.  Freeboard  is  not  taxed.  To  this  under-water  girth  P,  the  arith- 
metical mean  of  B  +  B|  is  added.  B  in  this  case  signifies  the  maximum 
beam  on  L.W.L.,  and  Bj  the  extreme  beam  wherever  found. 

Centre-board  yachts,  built  after  January  1,  1894,  are  dealt  with  in  the 
following  manner :  If  their  draught  with  housed  centre-board  does  not 
exceed  1*5  metres,  the  girth  is  taken  with  housed  centre-board  (GJ,  and 
with  the  centre-plate  down  (6 ),  and  the  factor  G  is  then  determined  by 
this  formula : 

The  factor  G,  is  taken  with  the  centre-plate  as  far  down  as  the  owner 
states  he  is  in  the  habit  of  ever  using  it.  In  the  case  of  yachts  above 
1*5  metres  draught  (of  hull),  the  girth  G  is  taken  with  centre-board  down. 

The  sail  area  is  measured  in  exactly  the  same  manner  as  prescribed 
by  the  Y.R.A.  rules. 

It  was  the  Emperor's  purchase  on  the  Clyde  of  the  Thistle,  the 
unsuccessful  challenger  for  the  America  Cup  in  1887,  that  gave  yachting 
in  Germany  its  first  great  impetus.  At  the  same  time.  Prince  Henry 
of  Prussia  placed  an  order  with  Mr.  G.  L.  Watson  for  the  construc- 
tion of  a  cruiser-racer  of  40-rating,  which  resulted  in  the  Clyde- 
built  Irene,  so  called  after  the  owner's  consort.  For  a  few  seasons  this 
yacht  had  matters  all  her  own  way  on  the  Baltic,  but  in  1894,  when 
Yaruna  and  Lais  hoisted  their  racing  flags  for  the  first  time  in  German 
waters,  when  the  Miicke  made  her  debut,  and  Admiral  the  Hon.  Victor 
Montagu  started  his  40-rater  Carina,  it  became  evident  that  the  Irene  was 
no  match  for  these  more  modern  flyers.  In  consequence,  she  was  not 
entered  for  any  matches  in  1896,  and  replaced  in  the  following  year  by 
Lord  Dunraven's  L'Esperance. 
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The  boat  par  excellence  which  has  had  the  greatest  inflaence  on 
German  yacht  architecture  is  Prince  Henry  of  Prussia's  Gudruda  (nee 
Wenonah).  By  special  permission  granted  by  her  Royal  owner  an  exact 
replica  was  built  for  Mr.  Bichel^  which,  under  the  name  of  Swanhild,  has 
proved  a  formidable  rival  to  Prince  Henry's  boat. 

In  the  spring  of  1895  the  German  Emperor  called  to  life  a  20-rating 
class  by  the  construction,  at  Kiel,  of  the  Vineta,  from  designs  by  Mr. 
G.  L.  Watson.  This  craft,  which  under  the  old  Y.R.A.  measurement 
ranks  as  a  20-rater,  and  according  to  the  Benzon  rule  is  of  32  '^sail- 
units,^'  is  of  composite  build.  Unfortunately,  owing,  it  may  be,  to  too 
light  a  construction,  the  yacht,  in  one  of  her  first  races,  was  severely 
strained  in  the  short,  choppy  seas  of  the  ''  Stollergrund,''  a  bank  at  the 
mouth  of  the  fjord  of  Kiel,  and  no  subsequent  patching  seemed  to  do  her 
any  good.  In  the  same  year  the  Vineta  was  entered  and  raced  most 
pluckily  in  the  regattas  on  the  Solent,  but  without  success.  On  the 
advent  of  the  second  Meteor,  the  Emperor  presented  the  Vineta  to  his 
brother-in-law,  Prince  Ferdinand  of  Schleswig-Holstein-Gliicksburg,  and 
under  his  flag  she  was  entered  at  the  regattas  on  the  Baltic  in  1896 ;  but 
against  so  formidable  an  opponent  as  the  late  Baron  von  Zedtwitz's  Isolde^ 
to  which,  moreover,  she  had  to  concede  time,  she  never  had  the  ghost  of  a 
chance. 

The  Hertha,  Ellen,  and  Elizabeth,  each  of  30*5  "  sail-units,'*  were  also 
built  to  compete  with  the  Emperor's  Vineta.  The  first  and  last  mentioned 
were  constructed  in  Germany,  the  Elizabeth  from  designs  by  Mr.  W.  Fife, 
jun.,  while  the  Ellen  was  built  at  Gonrock,  on  the  Clyde,  from  designs  by 
Mr.  G.  L.  Watson. 

For  the  further  encouragement  of  yacht  architecture  in  Germany  the 
Emperor  offered  an  annual  money  prize,  varying  with  the  size  of  the 
successful  vessel,  for  a  craft  from  the  board  of  a  German  designer,  built 
within  Germany  with  German  material,  and  manned  by  a  German  crew. 
The  first  practical  outcome  was  the  formation  of  a  syndicate  of  members 
of  the  Imperial  Yacht  Club  at  Kiel,  who  built  the  Kommodore  (the  design 
of  which  appears  elsewhere),  in  accordance  with  these  conditions,  and  won 
the  prize.  At  the  end  of  her  first  season  the  Kommodore  was  sold  to  the 
Grand  Duke  of  Mecklenburg- Schwerin,  and  a  second  yacht  was  laid  down 
by  the  syndicate,  the  Hertha,  which,  however,  did  not  prove  quite  so 
successful  as  the  Kommodore. 

It  is  certainly  worthy  of  note  that  of  the  few  aluminium  yachts  in 
existence  three  are  due  to  German  enterprise.  The  Aluminia,  owned  by 
the  Prince  Zu  Wied,  is  a  bona  fide  cruiser;  the  Susanne  and  the  Luna  were 
built  for  racing.     The  former  is  the  property  of  her  designer.  Professor 
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Otzen^  and  the  Luna  was  constracted  to  the  order  of  Mr.  B.  Arons^  from 
designs  by  Mr.  Max  Oertz.  It  cannot  be  said  that  the  results  have  been 
satisfactory  so  far;  but  it  is  a  healthy  sign  of  the  flourishing  state  of 
yacht  architecture  in  Germany,  that  these  costly  experiments — ^for  these 
yachts  cost  almost  twice  as  much  as  similar  craft  of  composite  build — 
were  carried  out  entirely  in  the  interests  of  the  science  of  naval  con- 
struction. 
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Light  Powerful  Machinery. 
Continuous  Speeds  Guaranteed. 


SIMPSON,  STRICKLAND,  &  Co.  LTD. 

DARTMOUTH   and    TEDDINGTON. 

"  GEORGE   W^ILSON, 

23,  SHERWOOD  STREET,  PICCADILLY  OIROUS, 

L03Sr3D03Sr,    -v^ 

BSTIMATB8  g'iTeu  for  Outfits  for  New  Yachts,  for  Anchors.  Chain  Gables* 
GapstAns,  Windlasses,  Wire  Rope,  Manila  and  Hemp  Rope,  Hawsers,  Hauling  Lines, 
Blocks  of  Wood  and  Iron,  Rigging  Screws,  and  all  Articles  required  for  rigging  a  X  acht. 

BiraACIiBSy  Liquid  and  Dry  Gompasses ;  Side,  Anchor,  and  Masthead  Lam|>B. 
Patent  Logs,  Fog  Horns,  Fog  Bells,  Steering  Wheels,  Mainsheet  Buffers,  Aneroid 
Barometers,  Glocks  for  the  Saloon.  Engine  Room  and  Forecastle,  Signal  Flags,  Pilot  Jacks, 
Yacht  Glub  Burgees  and  Ensigns,  Racing  Flags,  Sextants,  Telescopes,  Binocular  Glasses, 
Charts,  Nautical  Books,  and  all  things  required  for  use  on  board  a  Yacht. 

CATALOGUES    POST   FREE    OK    DEMAND. 

STEAM    YACHTS    AND    SAILING    YACHTS 
FOR   SALE   OR   HIRE. 

InquirioB  from  Buyers  and  Hirers  Solicited. 

8TBAM  TACKTS  of  1000,  800,  500,  400,  300,  200,  150,  and  120  FOB  SALS. 

SAZLIBG  TACKTS  of  10  tons,  £100;  15  tons,  £90,  £250;  20  ions,  £250,  £450. 
£650;  30  tons,  £700;  35  tons,  new  vessel,  £1550;  40  tons,  £315.  £600,  £850;  60  tons, 
£650,  £1300,  £1500;  80  tons,  £840,  £1300.  Also  SaiHng  Yachts  of  5  tons  up  to  150 
tons  for  Sale. 

DESIONfS  SUPPLIED  FOR  NEW  YACHTS  TO  BE  BUILT  ABBOAD.     ESTIHATSS  GIVEN 

FOR  BUILDING  STEAM  YACHTS  AND  SAILING  YACHTS  OF  ALL  TONNAGES. 
JlppIj  to  &B0BOE  WILSOir,  23,  Sherwood  Street,  Piocadilly  Cireiif,  Loadom  W. 

Tu.aaBAX8:  "YACHTINa,  Wi^fDORJ* 

L    J 


^dverlisementa. 


To  Architects,  Surveyors,  Engineers,  and  Builders. 

WATERLOW  &IONS  LIMITED, 

^anufacfttring  anb  (^xpott  ^iaiionet^, 

Contractors  to  Her  Majesty's  Government,  for  the  Home,  Colonial,  and 

Indian  Services. 


WATERLOMT    and     SONS     LIMITED    keep    an 

extensive    stock    of 

WHATMAN'S  DRAWING  PAPERS, 

TURKEY  MILL  DRAWING  PAPERS, 

PINE  DRAWING  PAPERS, 

CARTRIDGE   PAPER,  in  Sheets  or  Continuous  Rolls, 

MOUNTED  DRAWING  PAPERS, 

TRACING  PAPERS  and  TRACING  LINENS, 

Carefully  selected  to  meet  the  requirements  of   the  above  professions. 

SAUPU:  BOOKS  WILL  BE  StTBMITTED  ON  APPLICATION. 


RULED     SEOTIO:Nr^L    LINES, 

On  DTawing  or  Traoing  Paper,  ruled  in  Brown  or  Ghrey, 
Sise  in  Drawing  paper,  22iin.  by  17in. ;   Tracing  paper,  23iin.  by  ISiin. 

PRICES  OF  SULSDSECTIOVAL  LDTSS. 


SCALE. 

Ito,  Iths,  IthB,  fthS, 
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Moimtixig  on  HoUand  5d.  per  square  foot,  on  Union,  4d. 


8B    cuolCL   86,   X«orLca.ozi.   yJVet^H,   EI.O. 


AdverUaenuwta, 


ALFRED  H.  BROWN  (AlUA), 

GOKSTTLTING  NAVAL  ARCHITECT, 
lO,    I>^LL    MALL,    LOJSTDON,    8.Tr. 

Dedgiur  of  tha  "Eros,"  737  tons;  "Semiramis,"  703  tons;  "Star  of  tiu  Sm," 
383  tons ;  and  many  other  well  known  Tachta. 

STEAM  AND   SAILING   YACHTS   DESIGNED,   AND   THEIR    CONSTRUCTION    SUPERINTENDED. 

Hs.  BBOWN  will  be  pleased  to  ^re  gentiemen  intending  to  bnild  new  yacht*  hi* 
adfioe  as  to  their  coat  and  expense  of  maintenance. 

A  LARGE  HUMBEH  OF  ST£»M  AMD  SAIUHB  YACHTS  ALWAYS  FOR  SALE  OR  CHARTEK. 

WORKS    PUBLISHED    BY    HORACE   COX. 

BREAM'S   BUILDINGS.   LONDON.   E.G. 

BariBiD  Edition.    Crown  8to.,  tllustrated  with  Maps  and  Plates,  prioe  78.  6d.,  by  post  7b.  lOd. 

DOWN  CHANNEL.    By  R.  T.  McMnUen.    With  Introduc- 

tion  by  Dixon  Kxmp,  A.I.N  JL. 

Cxown  8to.,  with  Map  and  21  IllaBtrationB,  prioe  7b.  6d.,  oloth,  by  post  6d.  extra.    Large  Phmt 
Copiee  (250  only),  with  Proofs  of  the  IHnatrations,  Boxbnrghe,  12s.  6d. 

The   COASTS  of    DEVON    and    LUNDY    ISLAND.     By 

JOHN  LLOYD  WABDEN  PAGE,  Author  of  "An  Exploration  of  Dartmoor  and  its 
Antiquities/'  "An  Exploration  of  Exmoor  and  the  Hill  Country  of  West  Somerset,"  "The 
Birers  of  Deron/'  Ao.  The  book  is  illustrated  with  twenty-one  Vignettes,  by  Mr.  Alszavuxb 
Anitbd,  taken  in  many  oases  from  sketohes  by  the  Author. 

Now  Beady,  prioe  Is.,  by  post  Is.  2d. 

SOUDAN.  '96.     The  Adyentnres  of  a  War  Artist     "Bj 

H.  C.  SEPPINGS  WBIOHT,  War  Artist  of  the  "  Illastrated  London  News." 
Boyal  8to.,  prioe  16b.  net,  by  post  16b.  6d. 

SPORTING     DAYS     IN     KOUTHEBN     INDIA.      Being 

Beminisoenoes  of  Twenty  Trips  in  Pursuit  of  Big  Qame,  chiefly  in  the  JMadras  Presidency.  By 
Lieuts-Col.  A.  J.  O.  POLLOCK,  Boyal  Soots  Fusiliers.  With  Numerous  HluBtrationB  by 
Whticpsb  and  others. 

Demy  8to.,  prioe  2s.,  by  post  28.  3d. 

The  SPORTSMAN'S  YADE-MEt  UM  for  the  HIMALAYAS: 

Containing  Notes  on  Shooting,  Camp  Life,  Ac,  fully  Illustrated.     By  K.  C.  A.  J. 
Demy  4to.,  bevelled  boards,  with  Illustrations,  price  58.,  by  post  5s.  6d. 

SPORT  in  LADAKH.     By  F.  E.  S.  A. 

PuBLisHiD  Annxtallt.    In  post  8to.,  prioe  Is.  6d.,  by  post  Is.  8d. 

The  ANOLER'S    DIARY  and   TOURIST   FISHERMAN'S 

OAZETTEIB  contains  a  Becord  of  the  Bivers  and  Lakes  of  the  World,  to  which  is  added  a 
List  of  Bivers  of  Great  Britain,  with  their  nearest  Bailway  Stations.  Also  Porma  for 
Begistering  the  Fish  taken  during  the  year ;  as  well  as  the  Time  for  the  Close  Season  and 
Angling  Licences.  By  I.  E.  B.  C,  Editor  of  "The  Gamekeeper's  and  Game  Pieserrer^a 
Acoount  Book  and  Diary." 

Demy  8to.,  bound  in  doth,  price  7b.  6d.,  cut  edges,  and  gilt  tops,  by  post  7s.  lOd. 

MAKING  A  FI8HEBY.     By  FBEDEBIC  M.  HALFORD, 

"Detached  Badger"  of  the  **  Field,"  Author  of  "Floating  FUes  and  How  to  Dress  Thaa," 
and  "  Dry-Fly  Fishing  in  Theory  and  Practice." 

Also  an  Edition  de  Laxe,  in  Imperial,  eadi  oopy  signed  and  numbered,  limited  to  150  oopiM, 
on  hand-made  paper,  bound  in  morocco,  rough  edges,  gilt  tops,  prioe  25s.  The  oo^a  will 
be  Allotted  in  the  order  of  application. 


Advertisements, 


PASCALL  ATKEY  AND  SON, 

INVBNT0B8  AND  SOLE  MANUFACTUBBES  OF  THE 

E.T.S.    YACHTS'    COOKING    APPAEATTTS, 

3500    OF    WHICH    ARE    NOW    IN    USE; 

ALSO   OF   THE    BEGISTEBED 

"WILTON"  AND   OTHER   PORCELAIN   STOVES, 

AWABDED  PBIZE  AT  VIENNA  AND  LIVEBPOOL  EXHIBITIONS. 

PATENT  MAINSHEET  AND  OTHER  BUFFERS. 

OSBOEUE  AND  SALOON  LAMPS. 

IN    GREAT    VABIETY. 

SIB  WILLIAH  THOMSON'S  ANB  OTHEB  PATENT  COMPASSES^ 
ALSO  BINNACLES  OF  ALL  SIZES. 

General  Tacht  Fittings  and  Stores  to  suit  Yachts  of  all  Tonnage. 
Yachts  Adjusted  under  Steam  or  Sail  in  the  Solent  or  neighbouring  Ports. 

ILLVSTBATED  CATALOOUE  IN  ENGLISH   OR  FSENCH  POST  FEES. 

S8TABLI8BED  1799.    AOENCE  DU  TACBT  CLUB  DE  FRANCE  ET  UNION  DBS  TAOHTB. 


ISLE  OF  WIGHT  L  SOUTH  OF  ENGLAND  YAGHT  FiniNG  ESTABLISHMENT  AND  GENERAL  FAGTORY, 

WEST    COWES,    ISLE    OP    WIGHT, 

(Oppobitb  thb  Fountain  Landing  Stags.) 


YftGHTIjlG  T 
OUTFITS.     ' 

PatUrm  and  IiutrueH<m»  for 

Mlf'WuatnremeMt 

•ent  OS  applieatUm. 


Thb  oetobntad  knicker- 
boeker  bneohM  of  Mestn. 
TkomM  and  S.  ns,  83,  Brook- 
■treet,  W.,  leem  to  still 
g»ln  in  popnlftrlty.  Thia  ia 
M  it  tboold  be.  The  merits 
of  th«  artiela  Jnttify  the 
!««•  tale.  Indeed,  it  will 
be  always  found  that  to  con- 
tinue a  laiye  aale  an  article 
mvat  hate  mertta  whicb 
other  artielea  do  not  possess. 
The  breedhee  are  elegant, 
extremely  oomf oitable,  and 
can  be  need  either  for  riding 
or  shooting.**— Fitfr  ''Bod 
and  aon,**  Dea  SO,  189a 


GObFljlG 
OUTFITS. 

Sporting  Clothes 
of  every  descrip- 
tion made  in  a 
thoroughly  prac- 
tical manner, 
including  many 
specialities  un- 
obtainable else- 
where. 

MuNTiNG,  Raging, 

AMD 

Polo  Breeches. 

PEBFEOT    IN    FIT   AND 
STTLB. 


SPOBTINa  TAILOBS  AND  BBEEOHBS  MAKBB, 

32,     BROOK    STIiSST,    ^V^.        (Corner  of  Sonth  Molton  stmt.) 
TOtgniplite  AddTMs:   "5PORTINOLY."   LONDON. 


tAdV6TtiB€lfl&lvtB, 


Now  Beady,  demy  Svc.  price  ISs.  net,  with  Illustratioiui  and  Charts. 

NAVIGATION  FOR  YACHTSMEN. 

A   CONCISE    TREATISE    ON 

NAViaATION   AND    NAUTICAL    ASTRONOMY. 

ILLUSTBATINO 

THE  MOST   MODEBN    METHODS,  AND   SFECIALLT   DESIQITED 
FOB  THE  USE  OF  TACHTSMEH. 

COMPILED   BT 

VIlSrCENT   JOHN   EISraLISH, 
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Introdnotion. 

Algebra. 

Deeimal  FraotioDs. 

Logarithms. 

Plane  Trigonometry 

Plane  Trigonometry  (oontinaed). 

Definitions  and  Astronomical  Diagrams. 

Spherical  Ti-igonometry. 

Magnetism  and  the  Mariner's  Compass. 

Log  and  Lead. 

Dead  Beckoning. 

The  Sextant. 

On  Time  and  Corrections  in  Altitude. 

On  Bight  Ascension  and  Time,  and  on 

the  Nautical  Almanac. 
On  Finding  the  Latitude  by  Observation, 

by  Meridian  Altitude  of  the  Sun  and 

Star  above  the  Pole. 


CHAPTBB 

XVI, 


On  Finding  the  Latitude  by  Obaervation, 

by  Meridian  Altitude  of  a  Star  below 

the  Pole,  by  Altitude  of  Polaris,  and 

by  Ex-Meridian  Altitude  of  the  Sun. . 

XVII.  On  Finding  the  Latitude  by  Meridian 

Altitude  of  the  Moon,  or  of  a  Planet. 
XVIII.  On  Finding  the  Longitude  by  Chrono- 
meter Observation. 
XIX.  On  Azimuths  and  Amplitudes. 
XX.  On  the  Use  of  Charts. 
XXI.  The  New  Navigation  or  Double  Chrono- 
meter Problem. 
XXn.  The  New  Navigation  or  Double  Chrono- 
meter Problem,  No.  2. 
XXin.  Tides. 
XXIV.  Tides  (continued). 
XXV.  The  Law  of  Storms. 
XXVL  General  Bemarka.    Examples.    G«ii«tml 
Examples. 


PLATES. 

Log  of  Steam  Yacht  "  Deviation  "  on  a  Voyage  > 

from  The  Downs  to  Milford  Haven. 
Log  of  Cutter  Taoht  "  Magnetic  "  on  a  Voyage  I 

from  Waterford  to  Cowes«  via  Cherbourg.        I 


Napier's  Diagram  and  Curve. 
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Chart  of  Part  of  Hebrides. 
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Diagram,  Plane  Trigonometry. 
Diagram,  Plane  Trigonometry. 
Terrestrial  Globe  on  Plane  of  Meridian. 
Celestial  Globe  on  Plane  of  Meridian. 
Celestial  Globe  on  Plane  of  H orison. 
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Terrestrial  Globe  on  Plane  of  Equator. 

Current  Sailing. 

The  Sextant. 

The  Sextant 

Sun  and  Horison  seen    tiixough    Xnyerting 

Tube. 
Celestial  Globe  on  Plane  of  Horison. 
Corrections  of  Observed  Altitude. 
Bight  Ascension  and  Time. 
Bight  Ascension  and  Time. 
Celestial  Globe  on  Plane  of  Horison. 
Latitude  by  Meridian  Altitude. 
Circum-Polar  Star. 
Azimuths  and  Altitudes. 
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EIGHTH   EDITION,   Revised  and   Re-written. 

Super  Boyal  8vo.,  Moith  more  than  a  Hundred  Plates,  price  £1  5«.  net ;  by  post  Is.  6d.  emtra. 


A    MANUAL 


YACHT  AND  BOAT  SAILING. 

By   DIXON    KEMP, 

ASSOCIATE     INSTITUTE     NAVAL     AECHITECTS, 
Author  of  "  Yaoht  Dbsigning  "  and  "  Yacht  Architect ctbe." 


This  work  contains  exhaustive  information  upon  the  subjects  of  Yacht  and  Boat 
.Sailing  and  Boat  Building,  and  is  profusely  Illustrated. 


the    Yaoht    before 


Mftkiog  and  Taking  In  Sail  Sailing  by  the  Wind, 
Sailing  by  the  Wind  in  a  Heavy  Sea,  Off  the  Wind. 
Bnnning  Before  the  Wind,  Tacking,  Gybing,  Lying  To, 


OHAFTXB 

I.— How  to  Select  a  Yaoht. 
II. — Examination    of 

Purchasing, 
in. — Building  a  Yaoht;   How  to   Proceed 

about  it. 
IV. — The  Equipment  of  the  Yaoht,  including 
complete  information  as  to  spars, 
rigging,  Ac. 
V. — Seamanship. 
ThiB  chapter  contains  complete  information  as  to 

--'-' ^d  Taking  In  Sail,  SalUng  "       "      —    • 

the  Wind  in  a  Heavy  Sea, 
_    efore  the  Wind,  Tacking    "  ' 
Anchoring,  Oetting  Underway,  Ac. 

VI. — The  Management  of  Open  Boats. 
Vn. — The  General  Management  of  a  Yaoht, 
including  Duty  and  Discipline  of 
the  Crew. 
Contains  fnll   information   as  to  the  Expenses  of 
7acht  Racing. 

Vm.— The  Bules  of  the  Yaoht  Baoing  Asso- 
ciation. 

This  chapter  forms  a  complete  exposition  of  the  roles 
of  vacht  raeiog,  and  a  r^*umS  of  the  protest  cases 
dedded  by  the  Y.B.A.,  elucidated  by  comments  and 
engraTings. 

IX.— Yacht  Baoing :  Handling  a  Yacht  in 
a  Match. 
This  chapter  forms  a  complete   representation   of 
yacht  racing  on  every  point  of  sailing  and  management 
of  the  crew,  Ac. 

X. — Centre-boards,  their  Origin  and  Use, 
and  varied  forms. 
'    XI. — Centre-board  Boats  for  Bowing  and 
Sailing. 
This  chapter  inclmttos  Designs  for  Centre-board  Boats 
of  various  s*ies,  of  line  sailing  qualities,  and  yet  easy  to 
row.    Among  the  lines  are  those  of  Bnrgolne's  efu^ 
^etuwn  Baby  as  altered  1891. 

XII.— Sails  for  Centre-board  Boats. 
This  chapter  discusses  the  merits  of  the  various  Lug 
Sails  and  Sprit  Sails  used,  including  the  Balance  Lug, 
with  Buigoine's  Patent  Traveller;  Chinese  Lug, 
Falmouth  Luggers,  Lowestoft  Lateen  Sail,  Algoa  Bay 
Lateen  Sail,  Ac. 

Xm.-— 43mall  Centre-board  Yachts — Sorceress, 
Mirage,  Mona,  Challenge,  Holly, 
Ragamuffin  HI.,  Mystery,  Mocking 
Bird,  Parole,  Brighton  Beach  Boats, 
&c. 


CHAPTEB 

XIV.— Mersey  Sailing  Boats,  1895— Venture, 
Deva,  Zinnia,  &c. — and  their  man- 
agement. 
XV.— Clyde   Sailing  Boats — inoluding  two 
boats  designed  1890  and  1898  for 
the  Eoyal  Clyde  Yaoht  Club  by  Mr. 
G.  L.  Watson,  and  his   successful 
Vida,   and   Mr.  W.  Fife's  equally 
successful  Hatasoo,  &c. 
XVI. — Kingstown    Boats,   Waterwags,  Mer- 
maids, &o. 
,        XVII.— Itchen  Boats  and  Punts— Gipsy,  Wild 
;  Rose,  Centipede,  Minima,  Vril,  &o. 

XVin.— Falmouth  Quay  Punts. 
XIX.— Thames    Bawley    Boats— Mayflower  ; 
and   the   Original  Design   for  the 
Dabchick  Class  by  Mr.  Linton  Hope. 
I  XX.— Windermere  Yachts  and  Unas,  1891— 

I  Snipe,    Midge,    Bosita,   Una,    &o. 

(1895). 
XXI.— Small  Yachtsof  Y.B.A.  Bating— Dada, 
,  Flatfish,  Papoose,  Lady  Nan,  Ma- 

haranee, Gaiety  Girl,  Worry- Worry, 
'  Virginia,  Coquette,  Baby,  &c. 

XXII — Single-handed  Cruisers — These  include 
the    well-known    Thames    cruiser 
Dorothy,  and  the    Swedish    craft 
I  ifire  Perennius,  winner  of  the  first 

I  prize  of  the  London  Sailing  Club 

Competition,  1895. 
XXIII. — Types  of  Sailing  Vessels:    Penzance 
Lugger,   Yarmouth    Yawl,    Coble, 
Galway    Hooker    and     Pookhaun, 
Belfast    Yawls,    Norwegian    Pilot 
Boats,  Bermudian  Boats,  Bombay 
Boats,  American  Sharpies,  &o. 
XXIV. — Double  Boats  and  Catamarans. 
I        XXV.— Steam  Yachting. 
XXVI.— Ice  Yachting. 

XXVn. — Canoeing  —  Nautilus,     Pearl,    Canoe 
Yawls,  &o. 
Appendix.    Contains  complete  instruc- 
tions as  to   PRACTICAL    BOAT 
BUILDING. 
This  section  is  arranged  Alphabetically  in  the  form  of 
a  Dictionary,  and  embodies  a  variety  of  information 
connected  with  Yachts,  Boata,  Ac. 


Full  inctmction  is  given  as  to  the  building  and  management  of  every  boat  described. 
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YACHTING.  GOLFING.  SHOOTING  GOWNS  &  SUITS. 
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